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The nutrient requirements for breeding ostriches are currently not well-defined. Quantification of the nutrient 
requirements will improve the financial wellbeing of the industry. A study of the growth of the reproductive organs 
and liver, together with various production studies, were therefore undertaken in order to gain knowledge about 
the nutrition of breeding ostriches, thereby quantifying the nutrient requirements of breeding ostriches. 
 
Various studies were conducted to determine the influence of dietary protein, amino acids and energy on 
production levels of breeding ostriches. 
 
In a first study, five diets, varying in crude protein (CP) but with a constant energy content of 9.2 MJ ME/kg feed, 
were provided at a feed intake level of 2.5 kg/bird/day. The dietary CP levels were 7.5%, 9.1%, 10.8%, 12.3% 
and 14.0%. No differences (P>0.05) between treatments (total eggs per female per season) were found for 
number of unfertilized eggs (eggs per female per season; 8.9±0.8), dead-in-shell chicks (8.0±0.5), number of 
chicks hatched (19.1±1.1) and change in mass of females (-16.2±1.6kg). A tendency was observed for a 
difference in total egg production (mean and standard error; 39.1±3.6; P=0.08). The 12.3% CP diet caused the 
lowest (P<0.05) change in live mass (-3.8±2kg) for male birds. No interaction (P>0.05) occurred between the 
genotype of the bird and the dietary protein concentration for both egg and chick production.  
 
In a second study, six diets varying in ME (MJ ME/kg feed), were provided at an average feed intake level of 3.4 
kg/bird/day. The levels were 7.5, 8.0, 8.5, 9.0, 9.5 and 10.0 MJ ME/kg feed respectively. No differences (P>0.05) 
were observed for total eggs produced per female per season (44.8±7.8), number of chicks hatched (15.4±4.1), 
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number of infertile eggs (11.5±3.8), number of dead-in-shell eggs (12.1±3.2) and change in mass of females 
(10.7±3.6kg). Males increased linearly (y=2.4x + 2.45; R2=0.09; P<0.05) in live mass as the dietary energy 
content increased. Two eggs per diet per month were analyzed for crude protein, crude fat and trace elements, 
and one egg per diet per month was analyzed for fatty acid composition. Eggs from the first and last month of 
the season were subjected to amino acid analysis. Analysis of variance showed no difference in crude protein 
and fat (P>0.05) content of eggs between the experimental diets, as well as for the calcium content of eggshells. 
The proline content differed (P<0.05) between the diets. The C18:3n-3 (linoleic acid) content of the eggs 
increased (P<0.05) amongst the dietary treatments. Crude protein, fat and C18:3n-3 content in eggs increased 
(P<0.05) for the number of the egg in the laying cycle. 
 
In a third study, the feed intake of breeding ostriches, as affected by dietary energy content was investigated. 
Average feed intake (kg feed/bird/day) was not affected (P>0.05) at any dietary energy level when levels of 8.0, 
8.7, 9.4, 10.1, 10.8 and 11.5 MJ ME/kg feed were provided. The mean and standard error was 3.7±0.2kg. 
 
The production of breeding female ostriches was not influenced by dietary ME and protein at these feed intake 
levels. Ostrich birds do not have the ability to regulate their feed intake at any dietary energy level as used in this 
study. The amount of nutrients deposited in the eggs had no influence on the reproductive efficiency of the 
breeding female ostrich. The experiments also revealed that female breeding ostriches were independent of 
dietary energy and protein as used in this study for the mean frequency of egg laying at various dietary protein 
and energy levels (P>0.05). 
 
In a fourth study, the growth and development of the reproductive organs of female birds at the onset of the 
breeding season were investigated. The amount of nutrients needs to be determined in order to support the 
growth of the reproductive organs during the breeding season, due to the fact that these organs are linked to 
egg production. It was thus necessary to investigate whether the reproductive organs grew and developed 
during a season. The first slaughter interval was conducted at the start of the breeding season. The ovary, 
oviduct and liver were collected, weighed after each slaughter and analyzed. Ovary and oviduct were analyzed 
for crude protein and fat. No differences (P>0.05) were observed between the different slaughter intervals for the 
mass, crude protein and fat content of both organs. No trend (P>0.05) in the weight of the oviduct could be 
observed over the 49-day period, this weight being highly correlated with body weight; whereas the ovary weight 
tended to be correlated with the time after the onset of the breeding period, although the variation in weights, 
both within and between weighings, was very high. The variation in the weight of the ovary probably reflects 
differences in the laying pattern of individuals. The number of follicles were not affected (P>0.05) by the number 
of days after mating. Livers were assessed for crude protein and fat, but no difference (P>0.05) was detected 
between the intervals, but the weight difference amongst the slaughter intervals was significant (P<0.05), 
suggesting that the ostriches used liver reserves to supplement nutrients that obtained from the diet for the 
development of the reproductive organs. This data will be used in an optimising model (Brand & Gous, 2006) to 
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predict the nutrient requirements of female breeding ostriches. This study suggests that the female breeding 
ostrich might need additional protein during the first 7 weeks of the breeding season. 
 
Results from Chapter 4 and previous studies were used to calculate the energy, protein and amino acid 
requirements for the egg production and maintenance of the breeding female ostrich. Two methods were used to 
determine the energy requirement for egg production. The Metabolisable Energy requirement for egg production 
(MEe) and efficiency of ME utilization for energy deposition in the egg (ko) was calculated as 12.2 MJ (for an 
average size egg of 1.4kg) and 0.8 respectively. The Effective Energy requirement for egg production (EEe) and 
maintenance (EEm) was calculated as 15.9 MJ/day and 17.1 MJ/day respectively. Average total daily protein 
requirement (TPt) was calculated as 175g day. The amino acid requirements for maintenance and egg 
production is also provided, which is lower than previous studies. This study also provides evidence that the 
nutrient requirements are different for every month of the breeding season. 
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Tans heers daar onsekerheid oor die voedingsbehoeftes van volstruis broeivolstruise. Kwantifisering van die 
voedingsbehoeftes sal ‘n finansiële hupstoot aan die industrie gee. ‘n Groeistudie van die reproduksie-organe en 
lewer, tesame met ‘n aantal produksie-studies, is uitgevoer om inligting oor die voedingsbehoeftes van volstruis 
broeivoëls te versamel. Daarby is die voedingsbehoeftes teoreties bereken. 
 
‘n Aantal studies was uitgevoer om die invloed van dieët proteïen en aminosure en energie op produksie-data te 
bepaal.  
 
Eerstens is vyf diëte, wisselend in ru-proteïen (RP) en beperk tot ‘n inname van 2.5 kg/voël/dag, aan 
broeivolstruise gevoer. Die RP van elke dieët was 7.5%, 9.1%, 10.8%, 12.3% en 14.0%. Die energiewaarde van 
die voer is konstant by 9.2 MJ ME/kg voer gehou. Geen verskille (P>0.05) was tussen die behandelings 
waargeneem vir aantal geil eiers (totale eiers geproduseer per voël per seisoen; 8.9±0.8), aantal dood-in-dop 
(8.0±0.5), aantal kuikens (19.1±1.1) en verandering in massa van wyfies (-16.2±1.6kg) nie. ‘n Neiging (P=0.08) 
is wel waargeneem vir totale aantal eiers geproduseer. Die gemiddelde en standaard fout was 39.1±3.6. Die 
12.3% dieët het tot die laagste verandering (P<0.05) in lewendige massa (-3.8±2kg) vir die mannetjies gelei. 
Geen interaksie (P>0.05) was tussen die genotipe en dieët proteïen konsentrasie vir beide eier- en kuiken-
produksie opgemerk nie.  
 
In ‘n tweede studie is ses diëte, variërend in ME (MJ ME/kg voer), by ‘n gemiddelde tempo van 3.4 kg/voël/dag 
gevoer. Die verskillende ME-vlakke was 7.5, 8.0, 8.5, 9.0, 9.5 en 10.0 MJ ME/kg voer. Geen betekenisvolle 
verskille (P>0.05) is vir totale eiers geproduseer per voël per seisoen (44.8±7.8), aantal kuikens uitgebroei 
(15.4±4.1), aantal geil eiers (11.5±3.8), aantal dood-in-dop eiers (12.1±3.2) en massa verandering van wyfies 
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(10.7±3.6kg) opgemerk nie. Die mannetjies het toegeneem in liggaamsmassa (P<0.05) soos daar ‘n toename 
was in die energievlak van die dieët. Twee eiers per dieët per maand is vir ru-proteïen, vet en spoorelemente, en 
een eier per diet per maand vir vetsure ontleed. Eiers van die eerste en laaste maand van die seisoen is ontleed 
vir aminosure. Analise van variansie het aangetoon dat daar geen verskille (P>0.05) bestaan vir die ru-proteïen 
en vetinhoud van die eiers by die verskillende eksperimentele diëte, asook die kalsiuminhoud van die eierdoppe. 
Prolien vlakke het tussen die diëte verskil (P<0.05). Die C18:3n-3 (linoleïensuur) inhoud van die eiers het verskil 
(P<0.05) tussen die dieët behandelilngs. Vir die hoeveelste eier in die lê siklus het die ru-proteïen-, vet- en 
C18:3n-3 inhoud van die eiers verhoog (P<0.05). 
 
In ‘n derde studie is ondersoek ingestel na die voerinname van die broeivolstruise soos moontlik beïnvloed deur 
die energievlak van die dieët. Gemiddelde voerinname (kg voer/voël/dag) is nie (P>0.05) deur die verskillende 
dieët energie vlakke van 8.0, 8.7, 9.4, 10.1, 10.8 en 11.5 MJ ME/kg voer beïnvloed nie. Die gemiddelde en 
standaardfout was 3.7±0.2kg. 
 
Die produksie van broeivolstruise nie deur verskillende dieëtvlakke van proteïen en energie by vlakke soos 
gevoer in hierdie studie geraak nie. Broeivolstruise in hierdie studie het nie die vermoë gehad om hul 
voerinname te beheer by enige dieët energievlak soos gebruik nie. Die aantal nutriënte wat in die eiers neergelê 
is, het geen bydrae tot die reproduksievermoë van die wyfie gehad nie. Die studie het verder bewys dat die 
gemiddelde frekwensie van eier-lê by wyfies onafhanklik was by dieët-energie en -proteïenvlakke (P>0.05) soos 
in hierdie studie gebruik. 
 
In ‘n vierde studie is die groei en ontwikkeling van die reproduksie-organe van die wyfies bestudeer tydens die 
aanvang van die broeiseisoen. Die hoeveelheid of konsentrasie van voedingstowwe moes bepaal word om die 
groei van die reproduksie-organe te ondersteun tydens die broeiseisoen, omdat hierdie organe aan 
eierproduksie gekoppel is. ‘n Studie is derhalwe uitgevoer om te bepaal tot watter mate die reproduksie organe 
groei en ontwikkel tydens die broeiseisoen. Die eerste slagting is uitgevoer op die dag van afkamp. Die ovaria, 
ovidukt en lewer is versamel, geweeg en ontleed. Die ovaria en ovidukt is ontleed vir ru-proteïen en vet. Geen 
verskille (P>0.05) is tussen die verskillende slagtings vir die gewig, ru-proteïen en vetinhoud vir beide organe 
opgemerk nie. Geen betekenisvolle tendens in die gewig van die ovidukt is waargeneem oor die 49-dae periode 
nie, maar die gewig was hoogs gekorreleerd met liggaamsmassa. Ovaria-gewig het geneig om gekorreleerd te 
wees met die aantal dae na afkamp. Variasie binne en buite die gewigte was baie hoog. Die aantal follikels 
teenwoordig is nie beïnvloed (P>0.05) deur die aantal dae na paring. Die lewers is ontleed vir ruproteïen en vet, 
maar geen verskille (P>0.05) is tussen die intervalle opgemerk nie, maar die gewigte van dag 0 en 49 na paring 
het verskil (P<0.05). Dit kan aangevoer word dat die voëls moontlik lewer reserwes gebruik het om die 
voedingstowwe van die dieët te supplementeer vir die ontwikkeling van die reproduksie-organe. Data uit hierdie 
studie kan gebruik word in ‘n optimiseringsmodel (Brand & Gous, 2006) om die voedingsbehoeftes van 
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broeivolstruise te bepaal. Hierdie studie beveel aan dat die broeiwyfie moontlik addisionele proteïen tydens die 
eerste sewe weke van die broeiseisoen benodig. 
Resultate van Hoofstuk 4 en vorige studies is gebruik om die energie- proteïen- en aminosuurbehoefte vir 
eierproduksie en onderhoud van broeivolstruise te bereken. Twee metodes is gebruik om die energiebehoefte 
vir eierproduksie te bereken. Metaboliseerbare Energie behoefte vir eierproduksie (MEe) en effektiwiteit van ME 
benutting vir energie deponering in eier (ko) is onderskeidelik as 12.2 MJ (vir ‘n eier wat gemiddeld 1.4kg weeg) 
en 0.8 bereken. Effektiewe Energie behoefte vir eierproduksie (EEe) en onderhoud (EEm) was onderskeidelik as 
15.9 MJ/dag en 17.1 MJ/dag bereken. Die gemiddelde daaglikse proteïenbehoefte (TPt) is as 175g proteïen/dag 
bereken. ‘n Aanduiding van die aminosuur behoefte vir onderhoud en eierproduksie word ook gegee, wat laer is 
as vorige studies.  
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Chapter 1 
Literature Review 
 
 
GENERAL INTRODUCTION 
 
South Africa produces about 60% of the world’s ostrich products (South African Ostrich Business Chamber, 
2002). Estimated export meat production for 2008 was approximately 3700 tons, which is lower than the demand 
of 4000 tons (Coleman, 2008). It is therefore an invaluable part of the livestock population in South Africa.  
 
Reliable nutritional data for ostriches are scarce. Several attempts have been made to define the nutrient 
requirements of ostriches (du Preez, 1991; Cilliers, 1994; Brand & Gous, 2006). A lack of nutritional data may be 
the reason for poor egg production levels in breeding ostriches (Brand et al., 2003). Nutritional values 
extrapolated from data collected from chickens have been used in the past to calculate nutrient requirements of 
ostriches, but cannot always be used for mature breeding birds. A scientific approach is needed to obtain the 
nutrient requirements of breeding ostriches, in order to ensure the financial wellbeing of the industry. A better 
understanding of the breeding ostrich’s feed requirements will accordingly be of immense value to the industry. 
 
There are still big challenges facing the industry, especially with the reproduction and breeding of ostriches. 
Infertile eggs and embryonic deaths, resulting in a low hatchability and the high mortality of ostrich chicks, are 
major problems in the industry. In addition, the reproductive performance of breeding ostriches is highly variable 
(Bunter et al., 2001). Non-genetic and genetic factors are possibly responsible for differences in reproduction. 
 
 
CURRENT PROBLEMS ENCOUNTERED IN THE INDUSTRY 
 
INFERTILE EGGS 
 
Infertile eggs may be a result of the infertility of males and obesity in females (Smith et al., 1995b). Obesity is a 
significant cause of lower egg production levels (Irons, 1995). Vitamin A, E and selenium deficiencies are 
responsible for infertility in other avian species. Behavioural problems, for example a failure to copulate, also 
contribute to reproduction problems like lower egg production levels (Hicks, 1993). In addition, males are over-
consuming high calcium and energy layer diets, resulting in overweight males with poor sperm production. The 
reason for the poor sperm production may be the low zinc availability during the consumption of high calcium 
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diets (Smith et al., 1995b). The age of males can also contribute to poor fertility of eggs, according to Bunter et 
al. (2001). 
 
Irons (1995) stated the following apparent causes of poor fertility in ostriches: 
 
• Males lagging behind females at onset of breeding season 
• Incompatability between a mating male and female 
• Lack of libido in males 
• Infertility of males and females 
• Immaturity 
• Exhaustion of males during season 
• Nutrition, especially obesity 
 
 
EMBRYONIC DEATHS 
 
According to Smith et al. (1995b), the causes for embryonic deaths in the Little Karoo area (situated in the 
Western Cape province of South Africa) are: inadequate heat distribution in incubators, the inability to dispose of 
excess moisture in incubators, poor ventilation with CO2 levels exceeding 0.5%, incorrect egg-turning 
procedures, and poor storage facilities for eggs before incubation. Gonzalez et al. (1999) stated that low 
hatchability of eggs can be ascribed to the insufficient loss of weight during the incubation period of eggs. Hicks 
(1993) reported poor nutrition of the hen, toxins, improper egg storage and incubation methods, as causes of 
embryonic deaths. Intra-shell embryonic death and low hatchability, are a result of the failure of the two roles that 
the cuticle of the egg performs (Brown et al., 1996; Huchzermeyer, 1996). Shell ultrastructural abnormalities 
cause low hatchability and hatching trauma (Richards et al., 2000). 
 
In a study by Brown et al. (1996) in was found that malpositioning and severe oedema were the most prevalent 
symptoms of dead-in-shell embryos. The former is caused from wrong setting of eggs or inadequate turning. 
Severe oedema is correlated significantly with the amount of water loss from the eggs. Inadequate turning 
causes retarded growth of the area vasculosa, reduction in the formation of sub-embryonic fluid and growth of 
the chorioallantoic membrane (limiting oxygen uptake), reduced albumen (protein) uptake and malposition 
(Tullett & Deeming, 1987; Deeming, 1989a,b). Deficiency or excess of vitamin A in the parent birds can also 
result in malposition (Angel, 1993). On the other hand, Philbey et al. (1991) could not produce evidence that 
selenium, vitamin E or vitamin A, causes poor hatchability. Other symptoms for embryonic deaths reported by 
Brown et al. (1996) are: bacterial infections, myopathy, deformities, other and unknown factors. Anasarca, 
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myopathy and malpositioning as symptoms for embryonic deaths and low hatchability were identified by Philbey 
et al. (1991). 
 
The microbial spoilage of ostrich eggs is a significant problem and leads to a reduction in the hatching 
percentage (Deeming, 1995 & 1996a). Ostrich eggs appear to be susceptible to fungal penetration as a result of 
a lack of shell cuticle. According to Deeming (1995 & 1996a), nest hygiene is the simplest way to reduce the 
contamination of ostrich eggs. The incidence of contamination worsens as the season progresses as a result of 
greater spoilage of the nesting environment, changes in management associated with delayed egg collection 
until the next morning, or changes in shell structure through the season (Deeming, 1996b). 
 
 
CHICK MORTALITY 
 
It is a prominent fact that a high mortality rate exists among ostrich chicks. A higher survival percentage impacts 
positively on production and profit (Samson, 1997). A lack of functional development of the digestive tract of the 
chick just after hatching, is an important factor in the high mortality rates of the chick when the dependence on 
the yolk-sac is terminated (Terzich & Vanhooser, 1993; Button et al., 1996; Verwoerd et al., 1999). Samson 
(1997) reported that impaction, cloacal prolapse, bacterial enteritis, rolled toes, rotational deformities of the leg, 
slipped tendons, respiratory disorders, feather pecking and pantothenic acid deficiency are all common health 
disorders that affect ostrich production. In another study, omphalitis, starvation, dehydration, septicaemia and 
enteritis were all identified as causes of mortality (Mushi et al., 2004). Cloete et al. (2001) reported that the high 
levels of mortality in their study could possibly be ascribed to stress experienced by the chicks and not being 
capable of adapting to the rearing environment. 
 
 
DIGESTIVE ANATOMY OF OSTRICHES 
 
The ostrich is a monogastric animal and in comparison to the chicken, the ostrich has no crop, but the upper part 
of the oesophagus is slightly enlarged for the accumulation of food (Brand & Gous, 2006). Ostriches have a 
large digestive tract, characterized by spacious ceca and a long colon (Cho et al., 1983), which creates a 
favourable environment for the fermentation of fibrous material (Brand & Gous, 2006). The anatomy of the 
digestive tract and its development are described in detail respectively by Bezuidenhout (1986) and Iji et al. 
(2003). Jozefiak et al. (2004) reviewed carbohydrate fermentation in the avian ceca, concluding that short-chain 
fatty acids are the highest in the cecum compared to other areas of the gastrointestinal tract. It may inhibit the 
growth of pathogenic organisms and provide energy-yielding substrates to the avian bird after absorption. 
Acetate is the major volatile fatty acid produced, and propionate and butyrate in much smaller quantities, 
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according to Swart (1988). The end-products of fermentation can contribute as much as 76% of the ostrich’s 
metabolizable energy (ME) requirements. Fibrous feed has a long retention time in the digestive tract, which 
ensures extended times for the micro-organisms to digest the feed. Swart (1988) reported the digestibility of cell 
walls (NDF), hemi-cellulose and cellulose respectively as 47%, 66% and 38%. Due to their ability to utilize fiber, 
the possibility of grazing mature ostriches on pasture cannot be excluded (Brand, 2003). 
 
Although the ostrich has the ability to digest fiber, the efficiency of ME utilization tended to decrease with 
decreased energy or incresed crude fiber concentrations in the diet (Swart et al., 1993). This may affect the 
overall utilization of diets high in crude fibre especially in young chicks. 
 
 
FEEDSTUFF EVALUATION 
 
Nutritionists in the past have used ME values of raw materials from poultry for ostrich diet formulation, although 
this is not recommended. Ostriches had higher TMEn (true metabolisable energy corrected for nitrogen retention) 
values (Cilliers, 1994, 1998; Cilliers et al., 1994, 1995, 1998 a,b,c, 1999) for most common ingredients used in 
the diets of ostriches and higher true and apparent digestibilities of amino acids on a high protein experimental 
diet (Cilliers et al., 1997) compared to chickens. The mean value of the true faecal digestibility of amino acids for 
ostriches was calculated as 0.84±0.01, compared to a value of 0.80±0.03 obtained for cockerels (Cilliers et al., 
1997). If the values for poultry are used, it will lead to an over-estimation of the requirements of ostriches. Cilliers 
& Angel (1999) stated that obesity has been observed in breeders and marked-age ostriches when formulating 
diets using energy values derived from poultry. Brand et al. (2000b) compared the metabolisable energy (ME) 
values of ostriches for three different diets with the ME values of pigs, poultry and ruminants. The diets differed 
in fiber content (low fiber, medium fiber and high fiber). Metabolisale energy (ME) value for ostriches differ 
significantly from those of poultry, pigs and ruminants for all three diets. Table 1.1 presents a comparison 
between the energy content of balanced diets with different fibre content for ostriches, poultry and pigs (Brand et 
al., 2000b). Twenty-five percent more energy was utilized from the same feed for ostriches compared to values 
obtained with pigs. This relates to the ability of the ostrich to extract energy from fiber material, as reported by 
Swart (1988). 
 
Progress has been made in order to find suitable and edible raw materials for ostriches. Oilseeds play an 
important role in the nutrition of livestock. Canola oilcake meal and full-fat canola were investigated by Brand et 
al. (2000a) as a potential protein source for ostriches. True metabolisable energy values (TME) of 13.8 MJ/kg 
and 22.5 MJ/kg were determined respectively for canola oilcake and full-fat canola, which is higher than the 
value determined for poultry. Cilliers et al. (1994) also found that the TMEn value for lucerne is higher for 
ostriches, confirming their capability to digest fiber. Lucerne is a suitable ingredient to use in the diets of 
ostriches due to its crude protein content (18%), crude fiber content (30%), apparent metabolisable energy 
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(8.9MJ/kg feed), and 50.1% dry matter digestibility (Glatz et al., 2003). Table 1.2 provides the TMEn values of 
some raw materials for ostriches and cockerels, as determined by Cilliers et al. (1999). Progress like this is of 
great importance in order to broaden our knowledge of the nutritional requirements of ostriches. It is also needed 
for accurate diet formulation and to determine which raw materials are the most appropriate and the most 
economical to include in the rations of ostriches. 
 
 
Table 1.1 Calculated Metabolisable energy content of diets for various species (Brand et al., 2000b) 
Diet Ostrich (TME, MJ/kg) Pig (ME, MJ/kg) Poultry (TME, MJ/kg) Ruminant (ME, MJ/kg)
Low fibre:         
Starter   5.0 12.8 16.8 13.2 
Grower 14.8 12.3 14.7 12.6 
Finisher 14.9 13.0 14.1 12.3 
      
Medium fibre:     
Starter 14.1 10.4 12.3 11.4 
Grower 14.0 10.4 9.7 10.1 
Finisher 13.9 11.1 12.2 10.9 
      
High fibre:     
Starter 12.0 9.8 8.7 10.0 
Grower 12.8 8.8 8.2    9.6 
Finisher 12.4 10.5 9.0 10.3 
 
 
Table 1.2 The mean and standard error for TMEn (MJ/kg) values of different raw materials for ostriches and 
cockerels (Cilliers et al., 1999) 
Raw material Ostriches Cockerels 
Wheat Bran 11.9a 8.6b
Saltbush 7.1a 4.5b
Common reed 8.7a 2.8b
Lupins 14.6a 9.4b
SBOCM 13.4a 9.0b
SFOCM 10.8a 8.9b
Fishmeal 15.1a 14.0b
Standard error 0.3 0.4 
means in rows with different superscript differ significantly (P<0.05) 
SBOCM: soya bean oilcake meal  
SFOCM: sun flower oilcake meal  
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NUTRIENT REQUIREMENTS 
 
ENERGY 
 
Swart et al. (1993) calculated the energy requirement of ostriches for maintenance (MEm) as 0.44 MJ/metabolic 
weight kg0.75/day and efficiency of ME utilization by ostriches for growth as 0.32. Cilliers et al. (1998c) calculation 
for maintenance of 7 month ostriches (0.425 MJ/empty body weight/day) is in agreement with the value of Swart 
et al. (1993), but a higher ME utilization (kpf) value of 0.414 was measured. ME utilization in ostriches is quite low 
compared to with fowls and pigs. McDonald et al. (2002) for example reported a value of 0.90 and 0.85 for ME 
utilization by respectively for fowls and pigs while consuming a balanced diet. 
 
Du Preez (1991) estimated the energy requirements of ostriches in 0.25 hectare breeding pens and includes the 
total MJ ME needed for egg production, maintenance and activity. The total MJ ME needed per day for an 110kg 
bird laying a 1.4kg egg according to du Preez (1991) was 23 MJ ME. Smith et al. (1995a) stated that the 
breeding female ostrich probably has an increased requirement for energy before the first egg is formed. 
 
 
PROTEIN AND AMINO ACIDS 
 
Protein and amino acid requirements were determined for growing ostriches and breeding ostriches, by Cilliers 
et al. (1998c) and du Preez (1991) respectively. Cilliers et al. (1998c) calculated the maintenance requirements 
for total protein (TPm) and essential amino acids (AAm) and the efficiency of the utilization of protein and amino 
acid retentions by a comparative slaughter technique, in conjunction with a model proposed by Emmans & 
Fisher (1986). Cilliers et al. (1998c) then estimated the dietary requirements for ostriches from seven months 
old, and the results were extrapolated to estimate requirements to 20 months of age. 
 
Du Preez (1991) calculated the protein and amino acid requirements for the egg production of ostriches 
according to the weight of the egg and the weight of the female bird. He assumed that the breeding ostriches will 
lay an egg every second day and will consume 2 kg feed per day. More protein and amino acids are required to 
produce heavier eggs and maintained a higher body mass. Total daily protein requirements, including 
requirements for maintenance and egg production (1.4 kg eggs), were calculated as 210g protein. According to 
du Preez (1991), nutrient requirements for egg production can be estimated by using information like egg mass, 
frequency of egg laying and the composition of the egg. Using variables like live weight and egg mass has been 
used previously to determine nutrient requirements for poultry (Combs, 1968). 
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It is also important to know the onset of the formation of the reproductive organs (ovary and oviduct), since this is 
linked to egg production and healthy reproductive performance. King (1973) demonstrated that the time it takes 
for follicular development in fowls is 7-8 days. The duration of this period for ostriches is unknown. It is estimated 
as 16 days, meaning that the breeding bird has a high requirement for nutrients 18 days before the first egg is 
laid (du Preez, 1991). This requirement will rise in a sigmodal pattern, reaching a maximum 8 days before the 
onset of egg production. Smith et al. (1995a) also stated that the breeding female ostrich has a high requirement 
for amino acids before the first egg is formed. The requirements will be constant until a laying day is skipped. 
The amount of nutrients needed is not dependent on the time it takes for egg production. It is, however, 
dependent on the amount of nutrients deposited in the egg. Kwakkel et al. (1993) stated it is imperative to know 
when the reproductive tract develops, in order to ensure favourable nutrition at the right time for the development 
of these vital structures. 
 
Bowmaker & Gous (1989) studied the growth of the liver, ovary, and oviduct before and after the onset of sexual 
maturity for broiler breeder pullets. The protein, lysine, methionine and tryptophan requirement of 20-30 week 
old broiler breeders for maintenance and growth were calculated, using a formula from Emmans & Fisher (1986). 
Bowmaker & Gous (1989) concluded that feeding higher protein levels during the pre-laying season is 
redundant, since no evidence exists that such extra protein is deposited in the body, from which the bird can 
draw for egg production purposes on a later stage in the laying period. 
 
Martin et al. (1994) estimated the amino acid requirements of laying-type pullets during their growing period. 
Requirements were calculated for four functions, that is: body protein gain, body protein maintenance, feather 
protein gain and feather protein maintenance. Accretion of body and feather protein was accurately described by 
the Gompertz equation. The growth rate of the whole body was calculated by using allometric relationships to 
estimate other components for growth, which were summed in the end. The growth of different body components 
was measured by using nutritional constants which define the amount of amino acid needed for tissue formation. 
 
The protein requirement depends on the amino acid composition of that protein and the production rate. Brand & 
Gous (2006) stated that the amino acid requirements of ostriches should be determined by using the chemical 
composition of the body and feathers in conjunction with the relative growth rates of the body and the feathers. 
In other words, the growth potential of body and feather protein should be characterised and described. The 
chemical and amino acid composition of whole ostrich carcasses (at different growth stages) were analyzed by 
Brand et al. (2005). The daily requirement for each amino acid equals the sum of each amino acid needed for 
the maintenance and growth of feather and body protein (Gous, 1993). In the past, amino acid requirements 
were determined by the concentration of that amino acid in the diet that promotes maximum growth. But this 
method has potential errors (Gous & Morris, 1985). The disadvantages are as follows: 
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• The amino acid under study may no longer be first-limiting under high levels of supplementation. The 
birds might be able to respond further if the new first-limiting amino acid was added to the diet. 
• Difficulty in constructing a basal diet which is low in the amino acid being studied, but adequate in all 
others. 
• Some synthetic amino acids are expensive. 
 
 
VITAMIN AND MINERAL REQUIREMENTS 
 
Very little scientific information is available on the vitamin and mineral requirements of the breeding ostrich 
(Brand & Gous, 2006). Smith et al. (1995a) anticipated that the breeding female ostrich has an increased 
requirement for minerals (calcium and phosphorus) and vitamins before the first egg is formed. Cilliers & Van 
Schalkwyk (1994) listed the specifications during the lay period for total calcium (%), available phosphorus (%), 
and total sodium (%) as 2.0-2.5, 0.35-0.40 and 0.15-0.25 respectively. The supplementation of trace elements 
and vitamins has also been specified by Cilliers & Van Schalkwyk (1994). 
 
Resent research by Almeida Paz et al. (2008) showed that long term feeding of a diet low in calcium (0.93%) 
may impair egg production, but feeding the diet over an eight week period is sufficient to support egg production. 
A dietary calcium level of 3.83% increased the bone strength of the birds, while an increased mass of the eggs 
were noticed (1748±180g and 1529±148g, respectively for the 3.83% and 0.93% diet.) 
 
 
EFFECT OF PROTEIN AND ENERGY ON PRODUCTION 
 
Energy and protein are the most expensive nutrients in a diet. High levels are not a necessity and may even be 
detrimental to the production rates of ostriches (Brand et al., 2003). Williams (1994) and Deeming et al. (1996) 
indicated that inadequate dietary energy and protein levels may lead to fewer small, poor quality eggs and poor 
hatchlings with reduced fitness. There was also an increase in the incidence of obesity and leg injuries when 
rations high in energy and protein were fed to ostriches (Glatz et al., 2003). 
 
Brand et al. (2003) performed a study, spanning two breeding seasons, to determine whether energy and protein 
may have an effect on the production of female breeding ostriches. Nine different diets in each season were 
given to females. The females laid fewer eggs at longer intervals at the lower dietary energy level (7.5 MJ ME/kg 
feed at 2.5kg feed/bird), therefore fewer chicks hatched. Significantly more eggs were laid by females fed on the 
diets containing 8.5 and 9.5 MJ ME/kg feed, also at a daily provision of 2.5kg feed/bird. Females also tend to 
lose more mass on diets containing less energy. Interestingly, the different dietary protein levels had no 
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significant effect on the production characteristics of breeding females. This is in contrast with chickens, where 
protein (more specifically amino acids) is essential for egg output (Gous & Morris, 1985). The different levels of 
energy and protein had no effect on the mean mass of eggs laid. This study concluded that energy is the main 
constraint on egg production during breeding; and that a diet containing a minimum level of 8.5 MJ ME/kg DM 
and 105g/kg protein with a specific accompanied amino acid profile is sufficient to support production of female 
breeding birds. 
 
Nutrition-related carry-over effects, from one season to the next were reported by Brand et al. (2002). A diet 
containing less than 8.5 MJ ME/kg feed, provided at 2.5kg feed/bird/day, can have an adverse effect on egg 
production in the following breeding season. In the study by Brand et al. (2002), different dietary protein levels, 
given in previous years had no effect on egg production, egg weight, fertility, hatchability, and initial chick mass 
in consecutive years of production. Different levels of dietary energy in previous years had no effect on other 
production parameters like body mass, initial egg weight or the percentage of infertile eggs over three months. 
No carry-over effects were observed for mass of females for both protein and energy levels. This phenomenon 
can be a result of the rest period where the birds had the opportunity to gain the lost body mass. 
 
 
EFFECT OF FATTY ACIDS ON EGG COMPOSITION AND IMMUNITY 
 
The lipids of the yolk are the primary energy source of the chick embryo, providing more than 90% of the energy 
requirements for development and addition of structural components for membrane biogenesis (Speake et al., 
1998). Utilization of the yolk sac is an imperative aspect of the development of the chick (Bertram & Burger, 
1981). It also plays an important role in complementing the nutrients absorbed for rapid growth (Murakami et al., 
1992). The various lipids of the yolk are synthesized in the liver of the hen and transferred to the ovary for 
uptake by the developing oocyte (Griffin et al., 1984; Walzem, 1996). Yolk contains about 6g lipid and 3g protein, 
which is about respectively 10% and 3% of the egg (Speake et al., 1998). Freeman & Vince (1974) stated that 
the ß-oxidation of fatty acids is the predominant pathway of energy delivering in the system. The newly hatched 
chick obtains most of its fatty acids from the lipids in the yolk of the egg. These fatty acids are transferred to the 
developing embryo during the 21-day incubation period. The diet of the hen also greatly influences the fatty acid 
composition of the newly hatched chick (Anderson et al., 1989).  
 
Fatty acids in the diets of avian species can affect the fatty acid composition of the yolk. Eicosapentaenoic and 
docosahexaenoic acid levels in egg yolk were influenced by the dietary inclusion of herring meal in laying hens 
(Nash et al., 1995). Dietary fat, sterols and drugs also influence the cholesterol content of egg yolk (Naber, 
1979). Diets formulated for ostriches in captivity may displace the egg’s n-6/n-3 ratio of polyunsaturated fatty 
acids compared to birds in the wild environment (Surai et al., 2001). Extreme changes can have fatal effects on 
the development of the embryo. The yolks of the eggs of wild and farmed ostriches are characterized by big 
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differences in fatty acid composition, particularly in linolenic acid (C18:3n-3) (Noble et al., 1996). In the wild state 
and in chickens, linolenic acid (C18:3n-3) and linoleic acid (C18:2n-6) respectively are the predominant fatty 
acid. Lower n-3 fatty acids in the eggs of farmed ostriches result in lower hatchability, as observed in the study 
by Noble et al. (1996). This observation is in contrast with findings by Anderson et al. (1989), who observed no 
lower hatchability levels for poultry. 
 
The immune response of laying hens can be boosted by the manipulation of dietary fatty acids (Wang et al., 
2000a,b). Immunoglobulins are found in the yolk of the egg, providing passive immunity to the newly hatched 
chick. These proteins are transferred from the blood of the avian to the egg yolk (Rose & Orlans, 1981). Wang et 
al. (2000a) reported a higher concentration of immunoglobulins in the egg yolk by feeding laying hens a diet rich 
in n-3 polyunsaturated fatty acids. The effect of these fatty-acids appears to be dose-dependent (Wang et al., 
2000b). Therefore, dietary fatty acids can possibly have an influence on the immune system of the bird (Calder, 
1999; Wang et al., 2002). In addition, the egg contains other immune factors (carotenoids, immunoglobulins, 
lysozymes, etc.) which might influence offspring fitness through effects on the immune response of the embryo 
or chick (Williams, 2005). 
 
 
DEVELOPMENT OF REPRODUCTIVE ORGANS 
 
The annual breeding season in South Africa starts in June and ends January the following year. Ostriches are 
seasonal breeders and respond to a change in photoperiod. An increase in the photoperiod intiate gonadal 
maturation and reproduction (Dawson et al., 1986; Foster et al., 1987). Lambrechts (2004) discussed the 
photoperiod-dependent breeding strategy of ostriches. 
 
The reproductive organs of the ostrich hen consist of the ovary and oviduct. Only the left ovary and oviduct 
develop (Duerden, 1912; Fowler, 1991). The ovary is situated above the oviduct. The former consist of follicles 
of different stages of development and resembles a bunch of grapes (Soley & Groenewald, 1999). Twelve to 
sixteen ova attain maturity during the breeding season (MacAlister, 1864; Duerden, 1912). No information is 
available about the timing of ovulation and duration of egg passage in the oviduct (Irons, 1995). Soley & 
Groenewald (1999) estimated 48 hours for egg passage, since a hen lays one egg every second day. 
 
The oviduct consists of the infundibulum, magnum, isthmus, uterus and vagina (Duerden, 1912; Muwasi et al., 
1982) and is responsible for the production of large amounts of protein and other constituents of the egg 
(Muwasi et al., 1982). The magnum and isthmus are involved in the formation and secretion of proteins like 
albumen and keratin (Richardson, 1935; Romanoff & Romanoff, 1949; Yu et al. 1972). Compared with the 
magnum and isthmus, the infundibulum, uterus and vagina are not actively involved in protein secretion 
(Richardson, 1935; Sturkie, 1965; Yu et al., 1972). The infundibulum is the region receiving the ovulated ova and 
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where fertilization takes place, about 15 minutes after ovulation in the chicken. In the magnum, thick albumen is 
added to the yolk. Inner and outer shell membranes are added in the isthmus. Water is absorbed into the 
albumen and the shell is added in the uterus. (Hicks, 1993). The vagina contains sperm tubules (Bezuidenhout 
et al., 1995) and appears to have no secretory function (Griffin et al., 1984). Palmer & Guilette Jr. (1991) 
reported the effects of the oviductal proteins on embryonic development. The biological properties of albumen 
proteins can be classified into antimicrobial, nutritive, support and cushioning, and water-binding proteins. 
 
A change in the size of the avian oviduct occurs during a reproductive cycle (Yu & Marquardt, 1974), which is 
regulated by gonadal hormones (Brandt & Nalbandov, 1956; O’Malley et al., 1969; Oka & Schimke, 1969; 
Palmiter & Wrenn, 1971; Yu & Marquardt, 1973). Development of the oviduct is influenced by endogenous or 
exogenous gonadal hormones and nutrition (Brown & Jackson, 1959). Diet and food intake are also factors that 
can influence organ size and function (Dykstra & Karasov, 1992; Geluso & Hayes, 1999). A deficit in folic acid 
can retard the growth of the oviduct in 21-25 day old chicks (Hertz & Sebrell, 1944). On the other hand, Scott et 
al. (1969) conveyed that excess fat that is deposited in adipose tissue surrounding the reproductive organs will 
influence egg production. Yu & Marquardt (1974) investigated the hyperplasia and hypertrophy of the oviduct 
from the chicken during the developing, laying and regressing stage. The oviduct grew rapidly eight weeks 
before the onset of the laying cycle. Maximum weight was attained in the middle and later period of the laying 
cycle. Cell numbers also increased as growth progressed during development until the onset of lay. The dry cell 
mass of the magnum and isthmus changed to a similar extent, while the dry cell mass of the infundibulum, 
uterus and vagina were of a lesser extent. Yu & Marquardt (1974) stated that the growth patterns of the different 
oviduct parts during a reproductive cycle are due to changes in protein secretion. Changes can occur over a 
short timescale (Gaunt et al., 1990; Piersma et al., 1999). During egg production, the reproductive organs of 
female starlings undergo rapid and large changes in mass (Vezina and Williams, 2003). The rapid growth of the 
oviduct confirms that this organ is an energetically expensive organ. Williams & Ames (2004) added that the cost 
of oviduct function contributes to the cost of laying an egg. Birds with a larger oviduct might be able to produce 
better quality eggs (Williams, 1994), due to a positive relationship between the albumen content of eggs and 
oviduct mass (Christians & Williams, 1999). This might prove useful in enhancing the fitness of offspring in terms 
of growth (Williams, 1994; Finkler et al., 1998). The mother might transfer immunoglobulins and antibacterial 
factors to the offspring in the egg albumen (Saino et al., 2001; 2002). Oviduct size or function might also have an 
effect on bringing about these maternal results (Williams & Ames, 2004). 
 
 
GROWTH CURVES FOR OSTRICHES 
 
The growth of animals follows a mathematical curve like the Gompertz growth curve. Several studies have been 
performed to describe the growth of ostriches and to find parameters for the Gompertz equation (du Preez et al., 
1992; Cilliers et al., 1995; Brand & Gous, 2006; Gous & Brand, 2008; Kritzinger et al., 2009). This curve 
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describes the genetic potential of the bird (Emmans & Fisher, 1986) and a flock of similar birds under non-
limiting conditions (du Preez et al., 1992). Emmans (1989) stated that the curve has multiple uses in production 
and research and can be used as a tool to measure the quality of management and feeding against the potential 
growth of the animal, and when statistical comparisons are made amongst birds (Cilliers et al., 1995). This is 
useful for the selection of progeny for breeding purposes in the future. Wellock et al. (2004) examined the 
Gompertz function and concluded that the model is a suitable descriptor of potential growth due to its simplicity, 
accuracy and ease of application. The equation, with its parameters, is as follows (Winsor, 1932; Emmans, 
1989): 
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y = mass in kg at time t 
c = mass at maturity 
d = rate of maturing 
t* = age in days at which daily growth rate reaches its maximum value 
 
 
AIM OF THE STUDY 
 
It is evident from this chapter that many challenges exist in the industry and that the knowledge of the nutrient 
requirements of breeding ostriches is inconclusive. Modelling is a tool that provides a solution to this problem. 
Ferguson et al. (1994) stated that the success of using a model for growth is the ability to calculate the nutritional 
and environmental requirements of the animal that are needed for potential growth and to predict the 
consequences of deviations from these optimum conditions. Thus the nutrients required for different periods of 
growth can be determined, and this leads to more effective financial and management decisions. 
 
The aim of this study was to determine the nutrient requirements for the development of the reproductive organs, 
maintenance and egg production in female breeding ostriches by means of modelling, and to assess feed intake 
as affected by the energy content of the feed. 
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Chapter 2 
The effect of dietary protein and amino acid levels on the production 
of breeding ostriches 
 
Abstract 
 
A study was conducted with breeding ostriches to determine the influence of dietary protein and amino acid levels on 
production. Five rations, each with a different protein concentration and accompanying amino acid profile, were provided to 
both females and males over two subsequent breeding seasons at a level of 2.5 kg feed/bird/day. The respective diets 
contained 7.5%, 9.1%, 10.8%, 12.3% and 14.0% protein with a constant ME value of 9.2 MJ ME/kg feed. A tendency 
(P=0.08) for higher total egg production (overall mean±SE, 39.1±3.6 eggs/female/season) was observed with amongst 
dietary protein level. No differences between diets were found for the number of unfertilized eggs (9.1±1.8), dead-in-shell 
chicks (8.2±1.3), the number of chicks hatched (19.5±2.5) and change in the mass of females (-16.2±1.6kg). The 12.3% 
protein diet resulted in the lowest change in mass for males (P<0.05). Significant difference (P<0.05) for egg weight was 
observed for the 7.5%, 9.1% and 14.0% CP diet, which also decreased linearly (P<0.05) as the dietary protein content 
increased. It was concluded that the production of ostrich breeding pairs were independent of a fairly wide range of dietary 
protein inclusion levels of this study. 
 
Keywords: ostriches, nutrition, protein, lysine, egg production, chick production, mass change 
 
 
Introduction 
 
The protein and amino acid requirements of breeding ostriches is not well-defined. Values from poultry have 
been used in the past, but today we know that this is not recommended, because it may results in an 
overestimation of the requirements of ostriches (Cilliers, 1994). Du Preez (1991) calculated the protein and 
amino acid requirements for egg production according to the weight of the egg and the mass of the female bird. 
According to du Preez (1991), the nutrient requirements for egg production can be estimated by using 
information like egg mass, frequency of egg laying, and the composition of the egg. A study by Brand et al. 
(2003) revealed that dietary protein level, ranging from 10.5%–16.5% crude protein, had no effect on the egg 
production of breeding female ostriches. Brand et al. (2005) on the other hand reported that dietary protein and 
amino acid level, ranging from 8.5%–14% crude protein, had no effect on production data. The influence of 
dietary protein and specificaly methionine level on the production of laying poultry has been previously reported 
(Harms et al., 1998). 
Production studies need to be performed to determine the requirements of the essential nutrients for ostriches 
and it is therefore imperative that the amino acid requirements of breeding ostriches are drafted in order to 
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determine the quantity of amino acids needed for production. Quantification of nutrient requirements can help 
overcome some of the challenges in the industry, which will ensure the financial well-being of ostrich producers. 
 
The aim for this study is to determine the effect of dietary protein and amino acids on the production 
characteristics of breeding ostriches.  
 
 
Material and Methods 
 
One hundred female breeding ostriches were divided into five groups, consisting of twenty birds per group. Each 
bird was assigned to one of five different diets, provided at 2.5 kg /bird/day over two subsequent breeding 
seasons. The dietary crude protein levels were 7.5%, 9.1%, 10.8%, 12.3% and 14.0%. Energy levels were held 
constant at 9.2 MJ ME/kg feed. Breeding pairs were kept in a 1:1 ratio in a single breeding camp and rations 
were given to both males and females. The ages of the birds varied between 2 and 8 years. The diets were 
given in the 2004/2005 and 2005/2006 seasons. The annual breeding season in South Africa starts in June and 
ends in January the following year. The studies were conducted in Oudtshoorn, South Africa. Table 2.1 list the 
raw materials and formulated nutrient composition of each diet. 
 
Records were kept of total egg and chick production, dead-in-shell, and infertile egg production. The live mass of 
the birds were measured at the onset and end of the season to calculate the change in mass over the season. 
Statistical analysis was performed on the data, using Statgraphics (2005) for two-way analysis of variance. The 
main effects in the analysis of variance (ANOVA) were the dietary protein and the year of season. To analyze 
the effect of age on the data, an ANACOVA was done using Statistica (2009). Diet was used as categorical 
predictor and age as the covariate. 
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Table 2.1 Ingredient and nutrient composition of the five experimental diets with increasing crude protein content 
provided to ostrich birds during two seasons 
Ingredients (kg/ton feed) Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 
Oat Bran 490 467 444 420 397 
Maize 207 195 184 172 160 
Wheat Bran 197 148 99 49 0 
Lucerne hay 0 38 75 113 150 
Soyabean oilcake meal 0 27 53 80 106 
Sunflower oilcake meal 0 23 45 68 90 
Limestone 60 58 56 54 52 
Molasses 25 25 25 25 25 
Monocalciumphosphate 12 12 12 12 12 
Salt 4.00 4.00 4.00 4.00 4.00 
Vitamin & Mineral Premix 2.50 2.50 2.50 2.50 2.50 
Synthetic Lysine 1.66 1.25 0.83 0.42 0.00 
Synthetic Threonine 0.78 0.00 0.70 0.67 0.63 
Synthetic Methionine 0.48 0.46 0.43 0.41 0.38 
Nutrients      
Metabolisable energy (MJ ME/kg feed) 9.20 9.20 9.20 9.20 9.20 
Crude protein (%) 7.50 9.10 10.8 12.3 14.0 
Lysine (%) 0.29 0.36 0.44 0.51 0.58 
Threonine (%) 0.23 0.29 0.34 0.40 0.45 
Methionine+Cysteine (%) 0.21 0.27 0.32 0.38 0.43 
 
 
Results and Discussion 
 
Figure 1 shows the total montly egg production fot the seasons. Table 2.2 provides the production records of the 
breeding birds for the two consecutive breeding seasons. 
 
The ANOVA table indicates a significant difference between the seasons for egg production (P<0.05). The egg 
production of breeding ostriches is highly variable. Bunter et al. (2001) reported variable reproductive 
performance in breeding ostriches. The season of the year also causes variation in egg production of broiler 
breeders (Chaney & Fuller, 1975). Other factors causing variation in egg production are differences in body size 
(Chambers et al., 1974; Pearson & Herron, 1980) and level of feed intake (Blair et al., 1976; McDaniel et al., 
1981; Wilson & Harms, 1986). 
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Table 2.2 The effect of different protein and lysine levels on performance of female breeding ostriches 
Crude protein (%) 7.5 9.1 10.8 12.3 14.0  
Lysine levels (%) 0.29 0.36 0.44 0.51 0.58 se2 
Egg production (eggs/female/season) (n1=100) 36.8a 47.3a 43.5a 36.5a 35.6a 3.6 
Unfertilized eggs (eggs/female/season) 8.2a 11.8a 7.9a 7.3a 10.4a 1.8 
Dead-in-shell chicks (chicks/female/season) 7.5a 10.4a 8.6a 8.5a 6.2a 1.3 
Chick production (chicks/female/season) 18.3a 22.5a 23.3a 17.4a 15.9a 2.5 
Males' starting mass (kg) 126.7a 125.0a 122.9a 119.8a 125.1a 2.8 
Males' end mass (kg) 115.1a 115.3a 111.0a 116.0a 113.5a 2.3 
Females' starting mass (kg) 117.7a 117.9a 116.8a 117.2a 118.8a 1.9 
Females' end mass (kg) 103.8a 103.1a 99.0a 102.6a 100.1a 1.7 
Males' mass change (kg) -13.4a -10.2a -11.7a -3.6b -11.6a 2.0 
Females' mass change (kg) -15.2a -14.4a -17.8a -14.8a -18.8a 1.6 
Egg weight (g) 1403.9a 1409.8a 1366.4ab 1367.7ab 1315.5b 17.5 
a,b means in rows with different superscripts denotes significant differences (P<0.05) 
1 n=number of females 
2 se=standard error 
 
A tendency (P=0.08) amongst the different diets was observed in total egg production (eggs/female/season). 
Crude protein levels between 9-11% tend to maximize egg production, as found in this study. The minimum 
protein requirement must be determined in order to prevent reduced production. Lopez & Leeson (1995) found 
no effect of dietary protein on egg production for broiler breeders. Spratt & Leeson (1987) indicated that 19 g 
protein/day is sufficient to maintain normal reproductive performance through peak egg production for broiler 
breeders. No significant effect was observed by Pearson & Herron (1981) on reproductive performance (egg 
production) when dietary protein intake varied from 19.5 – 27 g/bird/d. Joseph et al. (2000) suggested that 
higher dietary protein levels are diverted directly into egg formation, thereby enhancing egg production in broiler 
breeders. 
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Figure 1 Total number of eggs produced per female per year for two consecutive years 
 
 
No significant difference (P>0.05) amongst the diets was observed for total number of unfertilized eggs 
produced, although there was a significant difference between the seasons (P<0.05). Obese females tend to lay 
infertile eggs (Smith et al., 1995). Weight control therefore plays an important part as a management tool or 
strategy to increase egg production and decrease infertile eggs. Incompatability between a breeding pair and 
infertility of males also plays a role (Smith et al., 1995). 
 
The total amount of dead-in-shell eggs produced did not differ significantly (P>0.05) amongst the dietary 
treatments. A difference (P<0.05) was observed between the seasons for dead-in-shell eggs. 
 
Not any of the females produced significantly more chicks nor did the two seasons differ from each other 
(P>0.05) amongst the dietary treatments. Data for chick production was transformed in order to prevent 
violations of the assumption for analysis of variance, which stated that the variances amongst the response 
groups are equal. 
 
Mass change of the birds denotes the difference in mass between the mass of the bird at the onset of the 
season and at the end of the season. The 12.3% diet resulted in the lowest change in mass (P<0.05) for the 
males during the season (-3.6±2.0kg). 
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Figure 2 Average change in mass (kg) of male birds receiving diets varying in crude protein levels 
 
None any of the diets resulted in significant differences in change of mass (P>0.05) of the female birds (-
16.2±1.6kg). All females lost mass on all five experimental diets, which indicated that body reserves were used 
for reproduction. Broiler breeders that were fed 10% crude protein were lighter than birds fed 16% crude protein 
in research performed by Lopez & Leeson (1995). 
 
The various treatments exerted a statistically significant effect (P<0.05) on the weight of the eggs produced. A 
difference was noted between the 7.5% (1403.9±18.5g) and 14% protein diet (1315.1±16.1g), and 9.1% 
(1409.8±17.0g) and 14% protein diet. A significant linear regression was noted (y = -13.7x + 1520.6; SEest = 
38.1; P<0.05; R2 = 0.08), with a correlation of -0.28. It remains unclear why the increased dietary protein resulted 
in lighter eggs being laid. One reason might be that the increased dietary protein tended to be used for other 
body functions and not for egg formation, thereby resulting in an increased requirement of energy to convert 
protein into energy. A study by Brand et al. (2003) revealed that dietary protein levels between 10.5% - 16.5% 
had no effect on egg weight. The observed variation could be ascribed to genetics. The influence of genetics on 
egg weight of chickens has been reported (Jaap, 1971; Richard & Cochez, 1971; Chambers et al., 1974). 
Increased dietary methionine (Carey et al., 1991; Shafer et al., 1996; Shafer et al., 1998) and lysine (Prochaska 
et al., 1996; Novak et al., 2004) levels results in increased egg weight in studies conducted with poultry. 
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Figure 3 Average change in mass (kg) of female birds receiving diets varying in crude protein levels 
 
 
 
 
Figure 4 Average egg weight (g) of ostrich female birds receiving diets varying in crude protein levels 
 
The age of the female (years) contributed to the data, significantly affecting (P<0.05) egg and chick production, 
infertile and dead-in-shell eggs, change in mass of females. Results of analysis of covariance, when age of the 
bird were held as the covariate, stated that older birds tend to lay more eggs, together with an increase in chicks, 
infertile and dead-in-shell eggs. Old female birds lost the least mass during the season. Kritzinger et al. (2009) 
reported that the maximum weight at maturity under assumed optimal conditions of an ostrich (119.4kg) will be 
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achieved at 943 days or 2.5 years of age. It can be asssumed that any excess feed after mature weight will be 
turned into body fat (Pond et al., 2005), which may explain why older birds lost the least mass. Figures 5-9 
shows the production and change in mass of females at different age groups. 
 
 
 
Figure 5 Effect of age of female birds (years) on average total egg production 
 
 
 
 
Figure 6 Effect of age of female birds (years) on average number of chicks hatched 
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Figure 7 Effect of age of female birds (years) on average total infertile egg production 
 
 
 
 
Figure 8 Effect of age of female birds (years) on average total dead-in-shell egg production 
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Figure 9 Effect of age (years) on average change in mass of female birds 
 
 
Conclusion 
 
Dietary protein and amino acid levels as used in this study had no significant effect on the production 
characteristics of breeding ostriches. Only a tendency for higher total egg production was noted. Seasonal 
effects influenced the variation of total egg production, since ANOVA revealed a difference between the year of 
season for total egg production. It is also important to focus on the female’s need for amino acids and not on the 
need for crude protein, since the efficiency of protein utilization depends largely on the amino acid composition 
of the ration (Lopez & Leeson, 1995). Future research should focus on the requirements of essential amino 
acids for optimum production levels. The effect of different levels of protein on production, fed during the pre-lay 
period, can also provide useful guidelines for the nutrient requirements of female breeding ostriches. Broiler 
breeders are fed through feed restriction and in breeding ostriches it is feasible to feed the birds ad libitum, 
although this may not be the most economical option. 
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Chapter 3 
Genotype x dietary protein level interaction of breeding ostriches 
 
 
Abstract 
 
A study was conducted with breeding ostriches to determine if the dietary protein/amino acid levels interacts with the 
breeding value for chick and egg production of female breeding ostriches. The effect of dietary protein was compared within 
a breeder flock, which consisted of females with a high potential for egg production compared to females with a low potential. 
Five rations, each with a different protein concentration, were provided to both females and males over one breeding season 
at a level of 2.5 kg/bird/day. The respective diets included 7.5%, 9.1%, 10.8%, 12.3% and 14.0% crude protein. No significant 
interaction (P>0.05) occurred between genotype and the dietary protein concentration for both egg and chick production. The 
high-potential ostriches produced more total eggs than their low-potential contemporaries (49.9±4.7 vs. 30±4.8; P<0.01) as 
expected. Dietary protein accordingly did not affect total egg production (40.0±4.7). The high potential ostriches similarly 
produced more chicks (25.1±3.3 vs. 13.8±3.3; P<0.01) as expected. Chick production was independent of dietary CP 
concentration (19.5±3.3; P>0.05). No difference was observed amongst the high potential (-17.1±3.0kg) and low potential 
(16.4±3.4kg) birds for mass change (kg). It was concluded that the reproduction of ostrich females, with a high potential and 
low potential for egg and chick production, were fairly independent of dietary protein concentrations as supplied in the current 
study. 
 
Keywords: ostriches, nutrition, lysine, egg production, chick production, high breeding value, low breeding value 
 
 
Introduction 
 
Various poultry breeds exist, each with its unique characteristics and striving to reach its genetic potential 
(Emmans, 1981). Sterling et al. (2006) reported that researchers are aware of the different production levels 
offered by gender, genotype, and genotype crosses; and how nutrition can influence those production levels. In 
addition, Sterling et al. (2006) noted that the nutrient requirements of different chicken genotypes are not similar 
and recommended that nutritional requirements need future revision as genotypes undergo selection and 
change. It is not clear whether dietary protein interacts with the genotype of the bird for broiler breeders and for 
ostrich breeding birds. Sterling et al. (2006) noticed a three-way interaction in broilers between dietary protein 
and lysine levels, and genotype, when observed for body weight gain, feed intake and feed conversion rate. 
Genotype-nutrition interactions have been reviewed by Decuypere et al. (2007). Possible interactions need to be 
elucidated, in order to make dietary formulations more accurate.  
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The focus of the following investigation was to scrutinize whether five different dietary protein levels might 
interact with two different genotypes. 
 
 
Material and Methods 
 
One hundred female breeding ostriches were divided into five groups, consisting of twenty birds per group. 
Females were allocated according to their estimated breeding value. In each group, ten females had a high 
potential for egg production and ten females had a low potential for egg production (Cloete et al., 2008). Each 
bird was assigned to one of five different diets, provided at 2.5 kg feed/bird/day. The dietary crude protein levels 
were 7.5%, 9.1%, 10.8%, 12.3% and 14.0%. Energy levels were held constant at 9.2 MJ ME/kg feed. Breeding 
pairs were kept in a 1:1 ratio in a single breeding camp and rations given to both males and females. The ages 
of the birds varied between 2 and 8 year. Table 3.1 list the raw materials and formulated nutrient composition of 
each diet. The research was undertaken in Oudshoorn (South Africa) during the 2005/2006 season. The annual 
breeding season in South Africa starts in June and ends in January the following year. Records were kept of 
total egg and chick production. The live mass of the birds were measured at the onset and end of the season to 
calculate the change in mass over the season. 
 
Statistical analysis was performed on the data, using Statgraphics (2005). The main effects in the two-way 
analysis of variance were the dietary protein and the breeding value of the birds. 
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Table 3.1 Ingredient and nutrient content of the five experimental diets with increasing crude protein content 
provided to ostrich birds during one season 
Ingredients (kg/ton feed) Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 
Oat Bran 490 467 444 420 397 
Maize 207 195 184 172 160 
Wheat Bran 197 148 99 49.25 0 
Lucerne 0 38 75 113 150 
Soyabean oilcake meal 0 27 53 80 106 
Sunflower oilcake meal 0 23 45 68 90 
Limestone 60 58 56 54 52 
Molasses 25 25 25 25 25 
Monocalciumphosphate 12 12 12 12 12 
Salt 4.00 4.00 4.00 4.00 4.00 
Vitamin&Mineral Premix 2.50 2.50 2.50 2.50 2.50 
Synthetic Lysine 1.66 1.25 0.83 0.42 0.00 
Synthetic Threonine 0.78 0.00 0.70 0.67 0.63 
Synthetic Methionine 0.48 0.46 0.43 0.41 0.38 
Nutrients      
Metabolisable energy (MJ ME/kg feed) 9.20 9.20 9.20 9.20 9.20 
Crude protein (%) 7.50 9.10 10.80 12.30 14.00 
Lysine (%) 0.29 0.36 0.44 0.51 0.58 
Threonine (%) 0.23 0.29 0.34 0.40 0.45 
Methionine+Cysteine (%) 0.21 0.27 0.32 0.38 0.43 
 
 
Results and Discussion 
 
Table 3.2 reports the mean egg production for both high and low potential ostriches. 
 
Table 3.2 Mean and standard error for egg production (total eggs/female) of ostrich females with a high and low 
potential for egg production given diets with increasing crude protein content during one season  
Dietary protein (%) Low potential High potential  
7.5 29.1a 47.3b  
9.1 34.6a 58.1b  
10.8 29.5a 55.6b  
12.3 26.1a 47.2b  
14.0 30.7a 41.5b  
Standard error 4.7 4.8  
a,b : means in rows with different superscripts differ significantly (P<0.05) 
 
 
No significant interaction for egg production between dietary protein and genotype could be observed (P>0.05). 
Total egg production was not affected by dietary protein level (P>0.05).  
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Table 3.3 reports the mean chick production for both high and low potential ostriches. 
 
 
Table 3.3 Mean and standard error for number of chicks hatched (total chicks hatched/female) of ostrich birds 
with a high and low potential for egg production given diets with increasing crude protein content during one 
season  
Dietary protein (%) Low potential High potential 
7.5 11.7a 25.7b 
9.1 12.8a 30.5b 
10.8 15.9a 30.5b 
12.3 15.0a 20.2b 
14.0 13.8a 18.5b 
Standard error 3.3 3.3 
a,b : means in rows with different superscripts differ significantly (P<0.05) 
 
 
No significant interaction for chick production between dietary protein and genotype could be observed (P>0.05). 
Chick production was fairly constant (P>0.05) irrespective of the different dietary protein treatments. 
 
The change in mass (kg) of female birds with a high potential and low potential for egg production was 
investigated. Analysis of variance (ANOVA) revealed no significant difference amongst female birds with a high 
potential and low potential for egg production. Mean and standard error for the low potential and high potential 
females were respectively -16.4±1.5kg and -17.1±1.4kg. The nutrient partitioning to products or tissue, especially 
in the low potential females is unclear. Figure 1 shows the change in mass of the low and high potential birds at 
every dietary treatment. 
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Figure 1 Average change in mass (kg) of high and low potential breeding female ostriches receiving diets 
varying in crude protein levels over the breeding season 
 
 
Conclusion 
 
No statistical interaction (P>0.05) were observed between dietary protein and genotype for total egg and chick 
production. It is evident that no unfavorable interactions or correlations exist in breeding ostriches (Cloete, 
2006), as seen in the current study. Female ostriches that have a high or low potential for egg and chick 
production are therefore independent of a dietary crude protein range of 7.5 – 14.0 %. These results indicated 
that the higher production level due to breeding had not yet been reached where higher nutrient concentrations 
is in demand. This may also indicated that mean and low producers may be overfed in terms of crude protein 
and amino acid requirements, compared to the high producing genotypes. 
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Chapter 4 
The effect of dietary energy level on the production and egg 
composition of breeding ostriches 
 
Abstract 
 
Six diets varying in ME content (7.5, 8.0, 8.5, 9.0, 9.5 and 10.0 MJ ME/kg) were provided to both males and females at an 
average rate of 3.4kg feed/bird/day. Dietary protein and lysine levels were held constant at 12% and 0.58% respectively. No 
differences (P>0.05) were observed for total eggs produced per female per season (44.3±7.6), number of chicks hatched 
(15.6±4.1), number of infertile eggs (11.8±3.9) and for number of dead-in-shell eggs (11.9±3.1). Analysis of variance revealed 
no significant difference in the change in mass of female birds (P>0.05). Differences (P<0.05) in the change in mass of male 
birds were observed, which ranged between 6.3±2.7kg and 18.4±2.8kg. Two eggs per diet per month were analyzed for 
crude protein, crude fat, and trace elements; and one egg per month for fatty acids. Eggs from the first and last month of the 
season were subjected to amino acid analysis. Analysis of variance showed no difference in the crude protein and fat 
(P>0.05) content between the experimental diets, as well as for the calcium content of eggshells. The eggs differed (P<0.05) 
in C18:3n-3 (linolenic acid) content as a result of the different treatments. For the number of the egg in the laying cycle, crude 
protein, C18:3n-3 and the fat content of eggs changed (P<0.05). In summary, the production of breeding female ostriches 
was not influenced by dietary energy at these feed intake levels and the energy supply for both male and female birds was in 
excess of their requirements, since both sexes increased in live mass during the season. Dietary treatment as used in this 
study revealed no differences in the composition of eggs in terms of protein and lipids. Overall the treatments had no 
influence on the reproductive efficiency of female ostriches.  
 
Keywords:  ostriches, nutrition, energy level, egg production, chick production, mass change, egg composition 
 
 
Introduction 
 
Reliable nutritional data for ostriches are scarce. A lack of nutritional data may contribute to a large variation in 
production of birds (Brand & Gous, 2006) as well as poor egg production records in breeding ostriches (Brand et 
al., 2003). Practical diet specification for ostriches in various stages of production has been reported by Cilliers & 
Van Schalkwyk (1994). Swart et al. (1993) calculated the energy requirement for maintenance as 0.44 
MJ/metabolic weight kg0.75/day, and the efficiency of ME utilization for growth (MEg) as 0.32. Cilliers et al. (1998) 
on the other hand calculated 0.425 MJ/ (empty body weight) kg0.75/day as the energy requirement for 
maintenance of 7 month old ostriches and the efficiency of TMEn utilization for energy retention as 0.443. ME 
utilization in ostriches is quite low in comparison with fowls and pigs. McDonald et al. (2002) for example 
reported a value of 0.9 and 0.85 respectively for fowls and pigs consuming balanced diets. Du Preez (1991) also 
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estimated the energy requirements of ostriches in 0.25 hectare breeding pens. The estimation includes the total 
MJ ME needed for egg production, maintenance, and activity; and is based on the mass of the body and the egg 
laid. According to du Preez (1991) for a 110kg female to lay a 1.4kg egg every second day during the 8 month 
breeding season 23 MJ ME/day is needed. 
 
Brand et al. (2003) performed a study spanning two breeding seasons, to determine the effect of energy and 
protein provision on the production of female breeding ostriches. The females laid fewer eggs at longer intervals 
at the lower dietary energy level (7.5 MJ ME/kg feed at an intake of 2.5 kg feed per bird per day), but at higher 
dietary energy levels (8.5 and 9.5 MJ ME/kg feed at an intake of 2.5kg feed per bird per day) significant effects 
were recorded. Females also tend to loose more weight with diets containing less energy. It was concluded in 
this study that energy is the main constraint on egg production at crude protein and lysine levels exceeding 
13.5% and 0.65% respectively; and a dietary energy level of 8.5 MJ ME/kg were sufficient for female breeding 
birds in these studies when consuming 2.5 kg feed per day. Nutrition related carry-over effects, from one season 
to the following season were also reported by Brand et al. (2002); and that a diet containing less than 8.5 MJ 
ME/kg may have an adverse effect on egg production in the following breeding season. 
 
The experiment reported here was designed to determine the response to different dietary energy levels at 
higher feed intake levels (3.4kg/bird/day) at constant dietary protein and lysine levels; and to determine their 
influence on the chemical composition of eggs.  
 
 
Material and Methods 
 
Ninety pairs of breeding ostriches were divided into six groups, consisting of 15 breeding pairs per group. Six 
diets varying in ME content (7.5, 8.0, 8.5, 9.0, 9.5 and 10.0 MJ ME/kg feed) were provided at a rate of 3.4kg 
/bird/day to both males and females. Each pair was assigned to one of the six treatments for the duration of the 
trial. Breeding pairs were kept at a 1:1 ratio in single breeding camps. The age of the birds varied between 2 and 
12 years. The study was undertaken in Oudtshoorn (South Africa) during the 2007/2008 breeding season. The 
annual breeding season in South Africa starts in June and ends in January the following year. Table 4.1 lists the 
ingredient and formulated nutrient composition of each diet and Table 4.2 the analyzed nutrient composition.  
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Table 4.1 Ingredient and nutrient content of the experimental diets varying in ME content fed to breeding 
ostriches 
Composition (kg/ton feed) Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6 
Energy level (MJ ME/kg feed) 7.5 8.0 8.5 9.0 9.5 10.0 
Oat Bran 670 536 402 268 134 0 
Maize meal 0 110 220 330 440 550 
Lucern hay 48.6 90.1 131.6 173 214.5 256 
Soyabean oilcake 165 142.4 119.8 97.2 74.6 52 
Flaxseed 0 10 20 30 40 50 
Limestone 50 48.8 47.6 46.4 45.2 44 
Dicalciumphosphate 30 26.9 23.9 20.8 17.8 14.7 
Molasses 20 20 20 20 20 20 
Salt 10 10 10 10 10 10 
Mineral&Vitamin premix 2.50 2.50 2.50 2.50 2.50 2.50 
Synthetic lysine 0.80 0.80 0.70 0.70 0.60 0.60 
Synthetic methionine 1.90 1.60 1.20 0.90 0.50 0.20 
Synthetic threonine 1.20 1.00 0.70 0.50 0.20 0.00 
Nutrients             
ME (MJ ME/kg feed) 7.5 8.0 8.5 9.0 9.5 10.0 
Crude protein (%) 12.0 12.0 12.0 12.0 12.0 12.0 
Lysine (%) 0.58 0.58 0.58 0.58 0.58 0.58 
Methionine-cysteine (%) 0.42 0.42 0.43 0.43 0.43 0.44 
Threonine (%) 0.45 0.46 0.46 0.47 0.48 0.49 
Arginine (%) 0.59 0.60 0.62 0.63 0.65 0.66 
Tryptophane (%) 0.13 0.15 0.16 0.17 0.19 0.20 
Isoleucine (%) 0.44 0.45 0.45 0.46 0.47 0.47 
Fat (%) 1.10 1.90 2.70 3.50 4.20 5.00 
Fatty acid C18:2 (%) 0.08 0.34 0.60 0.87 1.13 1.39 
Fatty acid C18:3 (%) 0.02 0.21 0.41 0.61 0.80 1.00 
Fiber (%) 20.7 18.4 16.1 13.8 11.4 9.10 
Calcium (%) 2.70 2.70 2.60 2.60 2.50 2.40 
Phosphorus (%) 0.60 0.60 0.60 0.60 0.50 0.50 
 
 
Records were kept of total egg and chick production, dead-in-shell, and infertile egg production. The live mass of 
the birds were measured at the onset and end of the season to calculate the change in mass over the season. 
Feed was analyzed according to the Weende system (Van Soest, 1967). The True Metabilsable energy (TME) 
content of the feed was determined for poultry by using roosters in the feeding trial. The test feed was mixed with 
a basal diet (maize) in a 50:50 ratio. The roosters were adapted to the test feed and faeces were collected twice 
daily over a three day period. A model proposed by Brand & Gous (2006) was used to estimate the TME content 
of the test feed for ostriches.  
 
Two eggs per month were kept from each diet for chemical analysis. Each egg was kept in a cool room after 
collection. Eggs were weighed and broken to separate the albumen, yolk and egg shell, each component was 
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weighted seperately. The albumen and yolk were mixed after weighting and blended with a handheld blender. A 
representative sample was freeze-dried for chemical analysis. The chemical analysis for the mixture included: 
crude protein, amino acids, crude fat, fatty acids, and trace elements: and for the eggshell: calcium, phosphorus, 
and trace elements. Crude fat analysis was done on a Tecator Soxtec System HT 1043 extraction unit according 
to the method of Horwitz (2002). Fatty acid analysis was done on a Thermo Finnigan gas chromatogram, 
according to the method of Tichelaar et al. (1998); and the extraction method is described by Folch et al. (1957). 
Crude protein was conducted on a Leco FP-528 model, according to the method explained by Horwitz (2002). 
Eleven eggs in the first month and twelve eggs in the last month were subjected to amino acid analysis. Amino 
acid content was determined by LCMS analysis using a Waters API Quattro Micro Instrument. The method by 
Phenomenex (2003) was used. Trace element analysis is explained by ALASA (1998) and was performed on a 
Thermo ICP Spectrometer.  
 
Statistical analysis was performed on the data, using Statgraphics (2005) for one-way ANOVA. To analyze the 
effect of the number of the egg in the laying cycle and age on the data, an ANACOVA was done using Statistica 
(2009). Diet was used as the categorical predictor, and the number of the egg in the laying cycle and age as the 
covariate. The number of the egg in the laying cycle was also divided into six categories. The first category 
represents the first 15 egg, the second category the second 15 eggs, the third category the third 15 eggs, the 
fourth category the fourth 15 eggs, the fifth category the fifth 15 eggs and the sixth category the last 15 eggs of 
the laying cycle. 
 
 
Table 4.2 Analyzed nutrient composition of the six experimental diets varying in ME content fed to breeding 
ostriches 
Nutrient composition Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6 
TME (MJ ME/kg feed)   8.06   5.25   8.20   7.27   8.13  9.13 
Crude protein (%) 13.3 12.6 11.6 11.1 11.4 10.9 
Dry Material (%) 92.0 92.1 91.5 91.0 90.7 90.6 
Ash (%)  13.3 11.3 10.4 11.2 10.1 10.3 
Fat (%)   2.10  2.50   3.20   3.90   4.30   4.90 
Crude fiber (%) 20.6 18.3 16.3 15.5 13.3   8.90 
Calcium (%)   3.00   3.00   3.20   3.10   2.80   2.60 
Phosphorus (%)   0.50   0.70   0.70   0.60   0.50   0.50 
 
 
Results and Discussion 
 
Production results for breeding ostriches fed diets with an increasing ME content are provided in Table 4.3. 
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Table 4.3 Production results of breeding ostriches fed experimental diets varying in ME content 
Energy level (MJ ME/kg feed) 7.5 8.0 8.5 9.0 9.5 10.0  
Crude protein (%) 12.0 12.0 12.0 12.0 12.0 12.0  
Lysine levels (%) 0.58 0.58 0.58 0.58 0.58 0.58 se2 
Egg production (eggs/female/season) (n1=90) 40.7a 35.3a 50.4a 42.6a 49.9a 47.1a 7.6 
Chick production (chicks/female/season) 17.5a 11.4a 12.3a 16.5a 20.8a 15.1a 4.1 
Dead-in-shell eggs (eggs/female/season) 9.10a 11.7a 12.9a 11.5a 14.1a 11.9a 3.1 
Infertile eggs (eggs/female/season) 9.10a 8.30a 19.4a 10.7a 9.40a 13.9a 3.9 
Males' start mass (kg) 112.5a 113.1a 119.3a 111.9a 114.9a 113.6a 3.2 
Males' end mass (kg) 119.6a 124.7a 126.3a 126.8a 126.1a 131.5a 3.6 
Females' start mass (kg) 109.9a 112.3a 110.0a 106.8a 113.6a 109.1a 3.3 
Females' end mass (kg) 114.8a 119.5a 117.5a 117.6a 128.1a 126.0a 4.2 
Mass change of males (kg) 7.10ab 11.6ab 6.30a 14.6ab 12.0ab 18.4b 2.8 
Mass change of females (kg) 4.90a 7.20a 9.30a 11.5a 14.8a 16.4a 3.5 
Egg weight (g) 1421.9a 1450.5a 1361.4a 1373.7a 1407.3a 1326.7a 34.6 
a,b means in rows with different superscripts differ significantly (P<0.05) 
1n=number of females 
2se=standard error 
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No differences were observed (P>0.05) for total eggs produced per female per season (44.3±7.6), number of 
chicks hatched (15.6±4.1), number of infertile eggs (11.8±3.9), or number of dead-in-shell eggs (11.9±3.1) due to 
a change in the dietary energy value. The age of the female contributed to the data, affecting (P<0.05) egg and 
chick production, and tended (P=0.05) to affect the change in mass of females. ANACOVA, when age was held 
as the covariate, stated that older birds tend to lay more eggs, together with an increase in chick production. Old 
female birds tend to gain more body mass on dietary energy treatments, more nutrients are possibly stored as 
body reserves as the bird ages. Kritzinger et al. (2009) reported that the maximum weight at maturity under 
assumed optimal conditions of an ostrich (119.4kg) will be achieved at 943 days or 2.5 years of age and can be 
asssumed that any excess feed after mature weight will be turned into body fat (Pond et al., 2005). Data for the 
change in mass of females may have been skewed due to the two year old females.  
 
The average change in mass of female birds was 10.7±3.5kg. ANOVA analysis revealed no significant difference 
in the change in mass of female birds on different treatments (P>0.05), although regression analysis revealed an 
increase of 2.4 kg per bird per 0.5 MJ increase in dietary energy value (y = 2.4x + 2.45; SEest = 13.19; R2 = 
0.09; P<0.05). Due to the fact that the females increased in mass on each treatment, it may be assumed that the 
energy provided exceeded the requirements of the birds. It is assumed in this study that any excess dietary 
energy is turned into body fat, which leads to an increase in body weight. Lin et al. (1980) stated in studies with 
broilers that when caloric intake is more than the body’s requirement for energy, the excess food is stored as fat 
in broilers. Pond et al. (2005) explained that energy intake which is more than the current needs results in a net 
deposition of triglycerides and the animal will consequently become fatter. For growing pigs it was noticed that 
protein that was not deposited as protein was shifted to a pool of energy, that was utilized for adenosine 
triphosphate synthesis or lipid deposition (van Milgen et al., 2001). An increase in live weight during the last 
three months indicates that not all the ingested energy is used for egg production (Lambrechts, 2006). 
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Figure 1 Change in mass of female ostrich birds receiving diets with increasing ME content 
 
Significant differences (P<0.05) in the change in mass of male birds were observed, ranging between 6.3±2.7kg 
and 18.4±2.8kg. The significant difference was between the 8.5 and 10.0 MJ ME/kg diet. A linear regression line 
was fitted on the data (y = 1.89x + 5; SEest = 10.5; R2 = 0.09; P<0.05), indicating a growth of 1.9kg per 0.5 MJ 
increase in dietary energy value for the trial period. The differences between the males can be ascribed to the 
higher fat accretion in the bodies of those males that were fed a diet higher in ME content. Due to weight gain, 
the energy provided also exceeded their requirements (Pond et al., 2005). 
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Figure 2 Change in mass of male birds receiving diets with increasing ME content 
 
 
 
 
Figure 3 Effect of age of female birds (years) on average total egg production 
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Figure 4 Effect of age of female birds (years) on average total chick production 
 
 
 
 
Figure 5 Effect of age (years) on average change in mass of females 
 
 
Table 4.4 reports the physical characteristics of ostrich eggs. The treatments in this study had no statistically 
significant effect (P>0.05) on the weight of the eggs (Mean weight of 1390±34.5g). A linear regression applied to 
the data (y = -33.6x + 1684.1; SEest = 128.5; P<0.05; R2 = 0.05) revealed that only 5% of the difference in egg 
0
5
10
15
20
25
30
35
40
45
1 2 3 4 5 6 7
To
ta
l c
hi
ck
s h
at
ch
ed
/s
ea
so
n
Age (years) of female breeders
7.5 MJ ME/kg feed
8.0 MJ ME/kg feed
8.5 MJ ME/kg feed
9.0 MJ ME/kg feed
9.5 MJ ME/kg feed
10.0 MJ ME/kg feed
‐10
‐5
0
5
10
15
20
25
30
35
1 2 3 4 5 6 7
M
as
s c
ha
ng
e 
(k
g)
Age (years) of female breeders
7.5 MJ ME/kg feed
8.0 MJ ME/kg feed
8.5 MJ ME/kg feed
9.0 MJ ME/kg feed
9.5 MJ ME/kg feed
10.0 MJ ME/kg feed
  47
weight could be ascribed to dietary treatment. Whitehead et al. (1993) reported for laying hens that dietary fats 
are more effective in influencing egg weight due to their influence on yolk and albumen weight. It was also 
reported that egg weight is enhanced by fatty acids of medium chain length and moderate degree of 
unsaturation. It is of interest to note that egg weight might be influenced by oviduct mass of the female bird, 
since Christians & Williams (2001) have stated that a positive relationship exists between albumen content of the 
egg and oviduct mass. 
 
 
Table 4.4 Mean and standard errors of the physical components and the albumen to yolk ratio of ostrich eggs 
produced by females given diets varying in ME content 
Diet (MJ ME/kg feed) Egg weight (g) Albumen weight (g) Yolk weight (g) Shell weight (g) A:Y 
7.5 1421.9a 792.2a 330.5a 286.6a 2.41a
8.0 1450.5a 764.5a 333.2a 295.6a 2.34a
8.5 1361.4a 736.8a 351.7a 275.4a 2.10a
9.0 1373.7a 745.7a 312.6a 274.4a 2.41a
9.5 1407.3a 784.7a 342.9a 288.4a 2.31a
10.0 1326.7a 705.2a 342.6a 276.7a 2.10a
Standard error    34.6  35.5  14.0   8.7 0.1 
a,b means in columns with different superscripts differ significantly (P<0.05) 
 
It is of interest to see is that the mass of eggs increased (P<0.05) for the number of the egg in the laying cycle, 
which is similar to results obtained with poultry. The increase is linear (y = 3.1x + 1281.1; SEest = 32.3; R2 = 
0.16). The weight of the albumen and yolk also increased significantly (P<0.05). These egg components’ 
increase was also linear (y = 2.0x + 692.5; SEest = 23.4; R2 = 0.13; y = 0.68x + 314.7; SEest = 9.5; R2 = 0.09; 
respectively for albumen and yolk). Larger eggs have a greater proportion of albumen in laying hens (Hussein et 
al., 1993; Suk & Park, 2001). This study reveals that egg weight is also significantly correlated (r>0.5; P<0.05) 
with shell, albumen and yolk weight. The increase in the weight of the eggshell for the number of the egg in the 
laying cycle was statistically significant (P<0.05). The slope of the linear regression was significant (y = 0.35x + 
272.1; SEest = 6.0; P<0.05; R2 = 0.06). Table 4.5 provides the weight of the shell, albumen, and yolk. 
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Table 4.5 Weight of the physical components of ostrich eggs for the number of the egg in the laying cycle 
  Category 11 Category 22 Category 33 Category 44 Category 55 Category 66 se7 
Egg weight 1301.4a 1380.6 1378.2 1427.9 1486.1 1532.8b 59.0
Eggshell weight   270.7a   286.9   289.9   286.2   297.7   287.7b 11.0
Albumen weight   703.8a   765.1   752.8   777.2   847.3   852.7b 41.4
Yolk weight   326.1a   324.8   332.5   360.5   338.8   391.0b 14.3
a,b : means in rows with different superscript differ significantly (P<0.05)    
1Category 1: the first 15 eggs of the laying cycle 
2Category 2: the second 15 eggs of the laying cycle 
3Category 3: the third 15 eggs of the laying cycle 
4Category 4: the fourth 15 eggs of the laying cycle 
5Category 5: the fifth 15 eggs of the laying cycle 
6Category 6: the last 15 eggs of the laying cycle 
7se=standard error 
 
 
Dietary fat can elevate egg and albumen weight in laying hens (Whitehead et al., 1991). It is possible that dietary 
fatty acids like linolenic acid can have a stimulatory effect on oviducal protein secretion. Oestrogen regulates the 
synthesis of most oviduct proteins, and the working mechanisms of oestrogen can possibly be influenced by 
dietary fatty acids. It can be speculated that linolenic acid stimulates oviductal protein secretion in the breeding 
female ostrich, although the evidence in this experiment does not support this theory. In addition, the increase in 
the crude protein content of eggs over the season can possibly also be ascribed to higher circulating levels of 
oestrogen. Previous research has shown that dietary methionine (Carey et al., 1991; Shafer et al., 1998) 
significantly affects the weight of the yolk and albumen in laying hens; and lysine (Prochaska et al., 1996) the 
albumen weight. Albumen and yolk protein content are also elevated by dietary methionine (Shafer et al., 1996) 
and lysine (Prochaska et al., 1996). Novak et al. (2004) reported a significant two-way interaction between total 
sulfur amino acids and lysine for % albumen and % yolk proteins. 
 
ANOVA revealed no difference (P>0.05) between the diets for the albumen to yolk ratio (A:Y). Mean A:Y ratio 
were 2.29±0.1. ANACOVA, when number of the egg in laying cycle was held as the covariate, revealed no 
significant influence on the A:Y ratio. 
 
Tables 4.6 and 4.7 provide respectively the mean and standard error of the nutrient and calcium and trace 
element content of the egg white and yolk mixture resulting from the different experimental diets. Table 4.8 
reports the amino acid composition of the egg white and yolk mixture resulting from the different experimental 
diets. No significant differences (P>0.05) for crude protein (126.9±4.7g) and fat content (89.7.1±4.2g) of the egg 
on an as is basis were seen amongst the different diets. No linear tendency in the crude protein content of eggs 
amongst the treatments were seen, but the opposite is true for fat content (y = 2.6x + 80.5; SEest = 3.7; R2 = 
0.1). 
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Table 4.6 Mean and standard errors of the nutrient content of the egg white and yolk mixture produced by 
females given diets varying in ME content 
Diet (MJ ME/kg 
feed) Crude protein (g) Fat/ether extract (g)
 C18:3n-3 
(linolenic acid) (%) Moisture (%) Ash (%) 
7.5 131.0a 90.4a 1.4a 78.0 4.20 
8.0 128.4a 91.6a 2.6ab 77.6 4.10 
8.5 125.8a 94.0a 3.9b 77.6 4.00 
9.0 121.4a 83.7a 4.1b 78.3 4.10 
9.5 130.9a 90.0a 3.6ab 77.8 4.00 
10.0 124.3a 88.8a 4.2b 77.4 4.00 
Standard error     4.7   4.2 0.6   
a,b means in columns with different superscripts differ significantly (P<0.05) 
*crude protein and fat expressed on an as-is basis   
 
Linolenic acid content (C18:3n-3) of the eggs increased linearly (y = 0.49x + 1.5; SEest = 1.57; R2 = 0.23; 
P<0.05) and was significant different amongst the dietary treatments. See Figure 6. Sussi et al. (2003) found 
significant differences in the linolenic acid content of eggs amongst treatments when the diets were 
supplemented with 3% and 6% linseed oil, although the inclusion rate had no effect on production data. Di Meo 
et al. (2003) reported high variation within groups, similar to the present study. The authors suggested that the 
egg-laying period has little effect on the deposition of fatty acids, although this was not seen in the present study. 
In poultry it is possible for n-3 unsaturated fatty acids to be deposited in the egg or meat products (Caston and 
Leeson, 1990; Ajuyah et al., 1991; Aymond and Van Elswyk, 1995) and edible tissues (Phetteplace and 
Watkins, 1989). Lower n-3 fatty acids in the eggs of farmed ostriches result in lower hatchability, as observed in 
a study by Noble et al. (1996). Wang et al. (2000) reported a higher concentration of immunoglobulins in the egg 
yolk by feeding laying hens a diet rich in n-3 polyunsaturated fatty acids. Lineseed is an excellent source of 
C18:3n-3 fatty acids and can be used in ostrich breeder diets for the transfer of C18:3n-3 fatty acids to eggs. 
Animals cannot produce essential n-3 fatty acids de novo (van Elswyk, 1997), and the dietary inclusion of a raw 
material rich in essential fatty acids seems prudent. Linolenic acid (C18:3n-3) are the only omega 3-fatty acids 
that are transferred in high quantities to the egg when linseed is fed, since the oil contains about 56% C18:3n-3 
and not any other omega 3-fatty acid (Phetteplace and Watkins, 1989). Very low quantities of the other omega 
3-fatty acids were detected in the eggs and are probably a metabolic derivative of C18:3n-3 (van Elswyk, 1997). 
Van Elswyk (1997) stated for fowl eggs that the longer polyunsaturated fatty acids are deposited in limited 
amounts regardless of the form of the linseed. Superchi et al. (2002) stated that a good supply of essential fatty 
acids is more important than the total amount of lipid supplied by the parent bird. 
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Table 4.7 Mean and standard errors of the calcium and trace element content of the egg white and yolk mixture produced by females given 
diets varying in ME content 
Diet MJ 
ME/kg feed 
Calcium 
(%) 
Phosphorus 
(%) 
Potassium 
(%) 
Magnesium 
(%) 
Iron 
(mg/kg) 
Copper 
(mg/kg) 
Zinc 
(mg/kg) 
Manganese 
(mg/kg) 
Boron 
(mg/kg) 
Sodium 
(mg/kg) 
7.5 0.30a 0.81a 0.55a 0.8a 102.5a 5.2a 46.2a 0.9a 1.7a 7633.3a
8.0 0.30a 0.81a 0.54a 0.8a 102.8a 6.2a 46.7a 0.9a 1.6a 7583.3a
8.5 0.28a 0.85b 0.54a 0.8a 100.6a 5.3a 48.5a 0.9a 1.6a 7033.3a
9.0 0.28a 0.81a 0.54a 0.8a 107.2a 4.7a 45.8a 0.8a 1.6a 7850.0a
9.5 0.30a 0.83a 0.55a 0.8a 110.3a 5.5a 46.9a 0.8a 1.3a 7566.7a
10.0 0.30a 0.85b 0.54a 0.8a 112.6a 5.9a 49.4a 0.8a 1.6a 7291.7a 
Standard 
error 0.01 0.01 0.008   0.002   5.8 0.8 1.4 0.04 0.1  294.5 
a,b means in columns with different superscripts differ significantly (P<0.05) 
* values expressed on an as is basis 
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Table 4.8 Mean and standard errors of the amino acid composition of the egg white and yolk mixture produced 
by females given diets varying in ME content 
Nutrient Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6 se1 
ME (MJ ME/kg feed) 7.50 8.00 8.50 9.00 9.50 10.0  
Crude protein (%) 12.0 12.0 12.0 12.0 12.0 12.0  
Alanine (g/100g sample) 1.80a 1.93a 1.85a 1.65a 1.87a 1.91a 0.12 
Threonine (g/100g sample) 1.68a 1.64a 1.43a 1.65a 1.54a 1.56a 0.11 
Serine (g/100g sample) 3.58a 3.79a 3.51a 3.32a 3.63a 3.69a 0.23 
Arginine (g/100g sample) 1.75a 1.79a 1.86a 1.79a 1.51a 1.96a 0.20 
Glutamic acid (g/100g sample) 3.49a 4.02a 3.90a 3.93a 4.25a 4.36a 0.39 
Valine (g/100g sample) 2.27a 2.31a 2.08a 2.36a 2.12a 2.12a 0.11 
Histidine (g/100g sample) 0.95a 0.98a 0.92a 1.10a 1.05a 1.06a 0.07 
Aspartic acid (g/100g sample) 3.90a 4.41a 3.90a 3.97a 4.23a 4.03a 0.20 
Lysine (g/100g sample) 2.84a 2.92a 2.60a 2.39a 2.35a 2.54a 0.24 
Proline (g/100g sample) 1.96ab   2.16ab 1.78a 1.95ab 1.84ab 1.82ab 0.07 
Methionine (g/100g sample) 1.21a 1.26a 1.11a 1.22a 1.14a 1.14a 0.04 
Tyrosine (g/100g sample) 2.38a 2.46a 2.25a 2.35a 2.35a 2.43a 0.14 
Cysteine (g/100g sample) 0.76a 0.76a 0.64a 0.63a 0.83a 0.75a 0.08 
Isoleucine (g/100g sample) 1.38a 1.41a 1.26a 1.60a 1.34a 1.37a 0.10 
Phenylalanine (g/100g sample) 1.52a 1.56a 1.24a 1.58a 1.37a 1.33a 0.08 
Leucine (g/100g sample) 3.80a 3.69a 3.14a 3.49a 3.61a 3.34a 0.17 
Glycine (g/100g sample) 1.01a 0.90a 0.85a 0.96a 0.88a 0.91a 0.06 
Hydroxy proline (g/100g sample)  0.003a  0.008a  0.000a  0.007a  0.003a  0.008a 0.00 
a,b means in rows with different superscripts differ significantly (P<0.05) 
* values expressed on an DM-basis 
1 se=standard error 
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Figure 6 C18:3n-3 (linolenic acid) content of ostrich eggs from birds fed the different experimental diets varying 
in metabolisable energy content 
 
The only significant differences (P<0.05) amongst the treatments were seen for proline. A tendency was noticed 
for methionine, alanine and phenylalnine (P≥0.05). 
 
The crude protein and fat content of eggs sampled at different times during the season differ significantly 
(P<0.05). Superchi et al. (2002) observed that significantly more crude protein is deposited in ostrich eggs as the 
laying period progressed. The linear regression model reveals that there is a linear increase in the crude protein 
and fat content of ostrich eggs when eggs are laid towards the end of the laying cycle (y = 0.25x + 119.1; SEest 
= 3.0; R2 = 0.12; P<0.05; y = 0.18x + 84; SEest = 2.8; R2 = 0.08; P<0.05; respectively for crude potein and fat). 
This increase in crude protein and fat in eggs laid later in the laying cycle can be a natural occurrence in 
ostriches due to seasonal effects and cannot be ascribed to dietary effects. The possibility exists that the 
requirement for egg formation increased during the clutches that are laid toward the end of the laying cycle. The 
higher proportion of albumen and yolk in eggs over the breeding season is therefore explained by higher 
accretion of crude protein and fat in the eggs as the season progresses. Eggs sampled at different times during 
the season contained more linolenic acid (P<0.05) (y = 0.02x + 2.54; SEest = 0.5; R2 = 0.04; P<0.05). Figures 7-
9 shows the increase of repectively crude protein, fat and linolenic acid. 
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Figure 7 Crude protein content of eggs for the number of the egg in the laying cycle 
 
 
 
 
Figure 8 Fat content of ostrich eggs for the number of the egg in the laying cycle 
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Figure 9 C18:3n-3 (linolenic acid) content of ostrich eggs for the number of the egg in the laying cycle 
 
Analysis of covariance, when the number of the egg in the laying cycle was held as the covariate, revealed that 
lysine, proline, tyrosine amd cysteine differed (P<0.05) amongst the number of the egg in the laying cycle. Valine 
tended to change (P≥0.05). The amino acid content of the number of the egg in the laying cycle is listed in Table 
4.10. 
 
Analysis of covariance (ANACOVA), with age in years as the covarite, revealed that age had no effect (P>0.05) 
on any of the variables in Table 4.9. 
 
Table 4.9 Physical components, nutrient content and albumen to yolk ratio of eggs produced by female breeding 
birds of different ages (years) 
age  n1 
egg weight 
(g) 
eggshell 
weight (g) 
yolk weight 
(g) 
albumen 
weight (g) protein (g) fat (g) A:Y 
2 4 1361.9a 276.0a 321.8a 759.2a 126.0a  87.5a 2.41a
3 27 1348.2a 276.8a 332.9a 734.2a 123.9a  89.7a 2.23a
4 17 1385.7a 283.4a 338.5a 763.3a 126.5a  89.0a 2.28a
5 1   908.5a 253.1a 205.2a 450.2a   78.3a  49.8a 2.19a
6 11 1479.7a 301.5a 340.7a 835.1a 138.5a  91.2a 2.47a
7 4 1314.9a 281.8a 301.7a 729.8a 118.6a  85.5a 2.46a
8 5 1305.3a 271.3a 352.8a 680.3a 122.5a  90.5a 1.99a
9 2 1709.5a 327.9a 424.6a 955.2a 160.7a 110.1a 2.25a
12 1 1265.0a 262.5a 358.4a 643.7a 130.5a 108.9a 1.80a 
se    36.0   6.3 13.1  35.3   3.1   3.7 0.1 
* crude protein and fat expressed on an as-is basis 
1 n = number of females 
a,b : means in columns with different superscript differ significantly (P<0.05) 
y = 0.0315x + 2.2153
R² = 0.1801
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A tendency for differences (P≥0.05) between age groups were noticed for valine, proline and methionine. The 
amino acid content of the different age groups is listed in Table 4.11. 
 
An evaluation of the egg-shells for calcium content was made. The content (%) did not differ between the 
treatments, nor for the content of the number of the egg in the laying cycle (P>0.05). Table 4.12 shows the 
calcium and trace element content of the shells. Almeida Paz et al. (2008) were able to increase the weight of 
ostrich eggs by feeding a diet high in calcium. For hens, Clunies et al. (1992) were able to increase egg-shell 
weight and gram calcium in the shell with higher dietary calcium levels and, concluded that calcium intake must 
be increased to improve the quality of egg-shells. The data from Clunies et al. (1992) suggests that dietary 
calcium is not the only factor involved in shell quality, but also that the ability of the shell gland (uterus) to 
increase the rate of shell secretion is important. Dietary calcium has a significant effect on the shell weight and 
calcium content of the shell in broiler breeders (Sooncharenying & Edwards, 1989). Ca2+ is also utilized by avian 
embryos from the egg-shell (Parkard & Parkard, 1984; Simkiss, 1991; Tuan et al. 1991) in physiological 
processes (Bronner & Stein, 1992).  
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Table 4.10 Amino acid composition of ostrich eggs for the number of the egg in the laying cycle 
Amino acid Alanine Threonine Serine Arginine Glutamic acid Valine Histidine Aspartic acid Lysine 
Category 11  1.78a  1.54a  3.51a  1.78a  3.98a  2.18a  0.99a  4.07a  2.31a
Category 22 1.74 1.62 3.39 1.58 3.40 2.13 0.95 3.93 2.50
Category 33 2.02 1.89 4.14 2.32 4.95 2.30 1.02 4.28 2.83 
Category 44 1.70 1.61 3.47 1.59 4.04 2.14 1.04 3.83 2.88 
Category 55 2.01 1.62 3.83 1.91 4.36 2.31 1.02 4.32 3.14 
Category 66  2.09a  1.39a  3.87a  1.91a  3.94a  2.27a  1.10a  4.20a  2.67b
se 0.12 0.11 0.23 0.20 0.39 0.11 0.07 0.20 0.24 
Amino acid Proline Methionine Tyrosine Cysteine Isoleucine Phenylalanine Leucine Glycine Hydroxy proline
Category 11 1.88a  1.19a  2.27a  0.61a   1.38a  1.41a  3.43a  0.91a  0.004a
Category 22 1.86 1.15 2.35 0.85 1.34 1.59 3.79 0.98 0.005
Category 33 1.91 1.15 2.31 0.75 1.50 1.29 3.42 1.07 0.000 
Category 44 1.87 1.09 2.27 0.73 1.31 1.32 3.31 0.87 0.000 
Category 55 2.09 1.25 2.59 0.81 1.45 1.48 3.63 0.95 0.008 
Category 66 1.92b  1.17a  2.62b  0.89b   1.41a  1.26a  3.46a  0.78a  0.000a
se 0.07 0.04 0.14 0.08 0.10 0.08 0.17 0.06 0.000 
a,b : means in columns with different superscript differ significantly (P<0.05) 
*amino acid values expressed on an DM-basis 
1Category 1: the first 15 eggs of the laying cycle 
2Category 2: the second 15 eggs of the laying cycle 
3Category 3: the third 15 eggs of the laying cycle 
4Category 4: the fourth 15 eggs of the laying cycle 
5Category 5: the fifth 15 eggs of the laying cycle 
6Category 6: the last 15 eggs of the laying cycle 
 
 
 
 
 
 
 
 
 
  57
Table 4.11 Amino acid composition of eggs produced by female breeding birds of different ages 
Age n Alanine Threonine Serine Arginine Glutamic acid Valine Histidine Aspartic acid Lysine 
2 1 1.49a 1.76a 3.35a 1.78a 4.93a 1.94a 0.98a 4.30a 2.11a
3 10 1.83a 1.51a 3.55a 1.80a 3.84a 2.22a 1.02a 3.90a 2.51a
4 6 1.73a 1.54a 3.33a 1.64a 3.59a 2.05a 0.96a 3.90a 2.49a
6 3 2.11a 1.72a 4.18a 2.07a 4.55a 2.44a 0.94a 4.72a 3.52a
7 1 1.73a 1.78a 3.43a 1.02a 4.00a 2.31a 1.12a 4.25a 1.96a
8 1 2.02a 1.89a 4.14a 2.32a 4.95a 2.30a 1.02a 4.28a 2.83a
9 1 2.13a 1.39a 3.82a 1.63a 4.32a 2.29a 1.20a 4.32a 2.64a
se  0.12 0.11 0.23 0.20 0.39 0.11 0.07 0.20 0.24 
Age n Proline Methionine Tyrosine Cysteine Isoleucine Phenylalanine Leucine Glycine 
Hydroxy 
proline 
2 1 2.03a 1.23a 2.16a 0.43a 1.27a 1.38a 2.96a 0.91a 0.010a
3 10 1.83a 1.14a 2.38a 0.74a 1.38a 1.38a 3.43a 0.90a 0.002a
4 6 1.84a 1.15a 2.27a 0.72a 1.32a 1.50a 3.62a 0.92a 0.005a
6 3 2.25a 1.32a 2.65a 0.87a 1.53a 1.55a 3.84a 0.97a 0.007a
7 1 2.11a 1.25a 1.99a 0.34a 1.32a 1.46a 3.35a 0.95a 0.010a
8 1 1.91a 1.15a 2.31a 0.75a 1.50a 1.29a 3.42a 1.07a 0.010a
9 1 1.98a 1.19a 2.75a 0.96a 1.42a 1.26a 3.56a 0.74a 0.000a
se  0.07 0.04 0.14 0.08 0.10 0.08 0.17 0.06 0.00 
a,b : means in columns with different superscript differ significantly (P<0.05) 
*amino acid values expressed on an DM-basis 
n=number of eggs 
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Figure 10 Calcium content (%) of ostrich egg-shells for the number of the egg in the laying cycle 
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Table 4.12 Mean and standard errors of the calcium and trace element content of the eggshell from females fed experimental diets varying in 
ME content 
Diet (MJ 
ME/kg feed) 
Calcium 
(%) 
Phosphorus 
(%) 
Potassium 
(%) 
Magnesium 
(%) 
Iron 
(mg/kg)
Copper 
(mg/kg) 
Zinc 
(mg/kg) 
Manganese 
(mg/kg) 
Boron 
(mg/kg)
Sodium 
(mg/kg) 
7.5 29.0a 0.04a 0.02a 0.1a 3.3a 0.1a    3.00a 0.1a 0.3a 812.0a
8.0 30.1a 0.02a 0.03a 0.1a 2.6a 0.0a    2.90a 0.1a 0.2a 752.2a 
8.5 28.6a 0.03a 0.03a 0.1a 4.0a 0.2a    3.10a 0.1a 0.2a 822.9a
9.0 29.7a 0.03a 0.03a 0.1a 1.7a 0.0a    2.10a 0.1a 0.2a 798.6a
9.5 31.6a 0.03a 0.03a 0.1a 2.7a 0.0a 13.80a 0.1a 0.2a 756.7a
10.0 32.0a 0.02a 0.03a 0.1a 1.5a 0.0a    2.70a 0.1a 0.2a 794.4a 
se  1.9 0.003 0.002   0.006 0.9  0.03 2.5 0.0 0.02 37.7 
a,b means in columns with different superscripts differ significantly (P<0.05) 
* values expressed on an as is basis 
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Conclusion 
 
The results from this study indicated that dietary energy does not interfere with the production performance 
of breeding ostriches if the daily energy allotment exceeds 25.5 MJ ME per bird per day. Previous studies 
revealed that a daily ration below 22 MJ ME per bird per day will probably result in lower egg production 
(Brand et al., 2003). A ration formulated to provide an energy intake of between 22 and 25.5 MJ ME and per 
bird per day seems therefore to be the most economical option for feeding breeding ostriches with the 
above-mentioned production levels (Brand, 2008). This study confirms that dietary energy content did not 
affect the chemical composition of the eggs. The protein, fat and linolenic acid content of eggs increased for 
the number of the egg in the laying cycle, stating that the nutrient costs for egg formation as more eggs are 
laid during a single laying cycle possibly increased. There was no relationship between the nutrient content 
of the diet and the reproductive performance of the birds, which is in agreement with Brand (2002).  
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Chapter 5 
Effect of dietary energy level on the feed intake and production of 
breeding ostriches 
 
Abstract 
 
Elucidating the factors affecting feed intake are important in order to quantify the nutrient requirements of breeding 
ostriches. Consequently, the average feed intake of breeding ostriches, together with production records, was calculated 
over one breeding season to determine if dietary energy affects feed intake. Six rations varying in ME content (8.0, 8.7, 
9.4, 10.1, 10.8 and 11.5 MJ ME/kg feed) were provided ad libitum to both males and females. Records taken include 
total egg and chick production, infertile and dead-in-shell egg production and the change in mass of birds. Average feed 
intake (kg/bird/day) was not affected (P>0.05) at any dietary energy level (3.7±0.2kg), nor was total egg (45.6±5.8) 
(eggs/female/season) and chick production (21.3±4.5), infertile (11.6±3.6) and dead-in-shell egg production (7.5±1.8), 
and the change in mass of female birds (3.1±3.4kg). The mass of male birds increased significantly throughout the 
season (P<0.05). Ostrich birds are not able to regulate their feed intake at any dietary energy level as used in this study. 
The present research provides guidelines for the determination of the maximum feed intake and nutrient requirements of 
breeding ostriches. 
 
Keywords: ostriches, nutrition, energy, feed intake, egg production, chick production 
 
 
Introduction 
 
It is currently not common practice to use the feeding strategies of poultry breeders for breeding ostriches. 
Gaining scientific information pertaining to the nutrient requirements of breeding ostriches are much needed 
in order to feed breeding ostriches to optimise production levels. 
 
Feed intake of animals is regulated in a dialogue between the animal and the diet. This dialogue in turn is 
influenced by many factors (Ranft & Hennig, 1991). It is a well-known fact that poultry are able to control 
their feed intake at different dietary energy levels. Harms (1964) stated that the hen eats to meet the energy 
requirement, and that a sudden change in the dietary energy level will result in a change in feed intake to 
compensate for energy differences. It is uncertain whether the same is true for breeding ostriches. 
Determining how dietary energy affects feed intake is essential in determining if a ration will meet the 
requirements of the birds. Brand et al. (2004) and Brand et al. (2000) proved that slaughter ostriches are 
able to regulate their feed intake at various dietary energy levels. The investigation as to whether dietary 
energy interferes with the feed intake of ostrich birds will provide valuable guidelines for the determination of 
the nutrient requirement and maximum feed intake of breeding ostriches. 
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Material and Methods 
 
Ninety pairs of breeding ostriches were divided into six groups, consisting of 15 breeding pairs per group. Six 
diets varying in ME content (8.0, 8.7, 9.4, 10.1, 10.8 and 11.5 MJ ME/kg feed) were provided ad libitum to 
both males and females. Protein and lysine were held constant at 12% and 0.58% respectively. The trial was 
conducted in Oudtshoorn (South Africa) during the 2008-2009 breeding season. The annual breeding 
season in South Africa starts in June and ends in January the following year. Table 5.1 lists the the raw 
materials and formulated nutrient composition and Table 5.2 the analyzed nutrient composition of each diet. 
Breeding pairs were kept in a 1:1 ratio in single breeding camps. Rations were given in the morning three 
times a week, and eggs were collected daily. The age of the birds used in the trial varied between 2 and 10 
years. 
 
 
Table 5.1 Ingredient and nutrient composition of the experimental diets with increasing ME content provided 
to ostrich birds during one season 
Ingredients (kg/ton feed)  Diet 1 Diet 2  Diet 3  Diet 4  Diet 5  Diet 6  
Energy level (MJ ME/kg feed) 8.0 8.7 9.4 10.1 10.8 11.5 
Oats hulls 619 495 371 248 124 0.00 
Maize  0.00 107 214 322 429 536 
Alfalfa meal 0.00 35 69 104 138 173 
Canola meal 242 215 188 162 135 108 
Flaxseed 0.0 10 20 30 40 50 
Limestone 45 44 43 42 41 40 
Dicalciumphosphate 28 27 27 26 26 25 
Molasses 50 50 50 50 50 50 
Salt 10 10 10 10 10 10 
Vitamin&mineral premix 5.00 5.00 5.00 5.00 5.00 5.00 
Synthetic lysine 0.30 0.30 0.30 0.30 0.30 0.30 
Nutrients             
ME (MJ ME/kg feed)  8.00 8.70 9.40 10.1 10.8 11.5 
Crude protein (%) 12.0 12.0 12.0 12.0 12.0 12.0 
Lysine (%) 0.60 0.60 0.60 0.60 0.60 0.60 
Methionine&Cysteine (%) 0.46 0.50 0.50 0.50 0.50 0.47 
Threonine (%) 0.45 0.50 0.50 0.50 0.50 0.45 
Arginine (%) 0.59 0.60 0.60 0.60 0.60 0.63 
Tryptophan (%) 0.15 0.10 0.10 0.10 0.10 0.13 
Fat (%) 1.80 2.40 2.90 3.50 4.00 4.60 
Fatty acid C18:2 (%) 0.00 0.30 0.60 0.90 1.20 1.50 
Fiber (%) 20.7 18.0 15.2 12.5 9.70 7.00 
Calcium (%) 2.60 2.60 2.60 2.50 2.50 2.50 
Phosphorus (%) 0.60 0.60 0.60 0.60 0.60 0.60 
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Table 5.2 Analyzed nutrient composition of the six experimental diets varying in ME content fed to breeding 
ostriches 
Nutrient composition Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6 
ME (MJ ME/kg feed) 8.00 8.70 9.40 10.1 10.8 11.5 
Crude protein (%) 12.7 12.8 12.9 12.8 12.8 13.2 
Dry Material (%) 91.7 91.6 91.4 91.2 90.3 90.6 
Ash (%) 12.4 12.0 12.0 11.9 11.5 12.2 
Fat (%) 2.37 2.87 3.35 3.17 3.81 3.76 
Crude fiber (%) 21.7 19.7 17.7 18.1 15.2 12.7 
 
 
The average feed intake/bird/day was calculated as follows. The feed given to each camp was weighed each 
month and feed not eaten was weighed back at the end of the season. This represents the amount eaten for 
the camp for the whole season. The value was divided by the number of breeding days (210) and 2, since 
one female and one male were in the camp. The assumption was therefore made that the male and female 
in each camp would consume the same quantity of feed. Records were kept of total egg and chick 
production, dead-in-shell, and infertile egg production. The live mass of the birds were measured at the 
onset and end of the season to calculate the change in mass over the season. Statistical analysis was 
performed on the data, using Statgraphics (2005) for one-way ANOVA. To analyze the effect of age on the 
data, an ANACOVA was done using Statistica (2009). Diet was used as categorical predictor and age as the 
covariate. 
 
 
Results and Discussion 
 
Production results of breeding ostriches provided with diets with an increasing ME content are provided in 
Table 5.3. Average feed intake/bird/day (kg) amongst the different diets did not differ (P>0.05), with a mean 
feed intake value per bird of 3.7±0.2kg. Average feed intake was fairly constant and was therefore not 
suppressed at any dietary energy level. The result of the present study was not anticipated and is in contrast 
with the findings of Brand et al. (2004) and Brand et al. (2000) for slaughter ostriches. Several factors may 
have influenced the results obtained. Previous studies revealed that an ME intake of 22 MJ ME per bird per 
day is sufficient to maintain the energy requirement of female birds (Brand, 2008). The minimum average 
feed intake per day during the current study was 29.6 MJ ME/day. The increase in live mass of the birds 
(8.5±1.07kg; P<0.05) also indicates that the birds may have over-consumed energy on the diets with the 
higher energy values. This principle was also described by Brand & Gous (2006). The study also revealed 
that the age of the female birds had an influence on feed intake (P<0.05). Older female birds therefore tend 
to consume more feed on a daily basis and can possibly be ascribed to higher maintenance and egg 
production costs. It is of interest to note that the age of the males did not contribute to the observed variation 
among the male birds (P>0.05).  
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Table 5.3 Average feed intake and production records of ostrich birds fed diets varying in ME content 
Energy level (MJ ME/kg feed) 8.0 8.7 9.4 10.1 10.8 11.5  
Crude protein (%) 12.0 12.0 12.0 12.0 12.0 12.0  
Lysine levels (%) 0.58 0.58 0.58 0.58 0.58 0.58 se2 
Average feed intake (kg/bird/day) 3.70a 3.80a 3.70a 3.90a 3.70a 3.60a 0.2 
Egg production (eggs/female/season) (n1=90) 47.2a 43.9a 48.3a 57.1a 33.6a 43.6a 5.8 
Chick production (chicks/female/season) 20.0a 18.3a 18.5a 32.6a 16.5a 21.6a 4.5 
Dead-in-shell eggs (eggs/female/season) 7.20a 7.70a 7.20a 11.1a 5.10a 6.90a 1.8 
Infertile eggs (eggs/female/season) 13.7a 13.9a 16.7a 7.70a 7.80a 9.70a 3.6 
Males' start mass (kg) 117.6a 125.1a 121.3a 119.7a 119.5a 117.9a 3.3 
Males' end mass (kg) 122.9a 127.9a 126.4a 130.5a 130.8a 133.5a 4.0 
Females' start mass (kg) 118.5a 114.9a 111.1a 113.1a 116.8a 118.5a 3.3 
Females' end mass (kg) 116.4a 116.5a 114.3a 111.3a 117.7a 128.5a 4.9 
Males’ mass change (kg) -2.10a 1.60a 3.20a 4.90a 0.90a 10.0a 3.4 
Females’ mass change (kg) 5.30ab 2.80a 5.10a 10.8ab 11.3ab 15.6b 2.4 
Egg weight (g) 1488.1a 1384.0a 1367.1a 1395.5a 1374.1a 1425.9a 31.1 
a,b,:means in rows with different superscripts differ significantly (P<0.05) 
1n=number of females 
2se=standard error         
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No significant differences (P>0.05) were observed for total eggs produced per female per season (45.6±5.8), 
number of chicks hatched (21.3±4.5), number of infertile eggs (11.6±3.6), and for number of dead-in-shell 
eggs (7.5±1.8). The age of the birds similarly had no impact on the production levels. See Figure 1. 
 
 
 
 
Figure 1 Effect of age on average feed intake (kg) of ostrich birds 
 
The average change in the mass of female birds over the breeding season was 3.1±3.4kg. ANOVA analysis 
revealed no significant difference in the change in the mass of female birds on different treatments (P=0.21), 
although regression analysis revealed an increase of 2.5 kg per bird per 0.7 MJ increase in dietary energy 
value (y=2.46x – 20.9; SEest = 13.1; R2 = 0.05; P<0.05) with increasing dietary ME contents (Figure 2). 
 
Significant differences (P<0.05) in the mass change of male birds were observed which ranged between 
2.8±2.4kg and 15.6±2.4kg over the breeding season (y = 3.37x – 24.4; SEest = 9.3; R2 = 0.16; P<0.05). The 
statistical significant difference was amongst the 8.7 and 11.5 and 9.4 and 11.5 MJ ME/kg feed diets (Figure 
3). The differences amongst the males can possibly be ascribed to higher fat accretion in the body of those 
males that were fed a diet higher in ME content. The energy provided probably exceeded their requirements, 
which resulted in mass gain. The mass gain for the 9.0, 9.5 and 11.5 MJ ME/kg feed diet was more than 
10.0kg for each male on average. Lin et al. (1980) stated that when caloric intake is more than the body’s 
requirement for energy, the excess food is stored as fat in broilers. Lin (1981) added that excess energy of 
the diet is invariably stored as fat in broilers when body maintenance and muscle growth requirements are 
satisfied. For growing pigs it was noticed that dietary crude protein that was not deposited as protein, was 
shifted to a pool of energy, which was utilized for adenosine triphosphate synthesis or lipid deposition (van 
Milgen et al., 2001). 
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Figure 2 Change in mass of female birds receiving diets with increasing energy content 
 
 
 
 
Figure 3 Change in mass of male birds receiving diets with increasing energy content 
 
The treatments had no significant effect on the weight of the eggs; however a tendency for lower egg weight 
(P=0.06) was observed between the 8.0 and 9.4 MJ ME/kg feed diets. Their respective weights of the 8.0 
and 9.4 MJ ME/kg feed diet were 1488.1±30.5g and 1367.1±30.5g and the average weight of all treatments 
was 1405.8±31g. Regression analysis of the data revealed that egg weight did not increase due to the 
energy value of the feed or the high energy intake by the bird. Egg weight was not influenced by dietary 
energy levels that ranged from 7.5 MJ ME/kg feed to 10.5 MJ ME/kg feed (Brand et al., 2003). 
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Conclusion 
 
No evidence exists from the present study that breeding ostriches were able to regulate their feed intake due 
to dietary energy level. This study also confirms that dietary energy has no significant influence on egg 
production, unless a lower daily ME allotment of 22 MJ ME/bird/day is given (Brand, 2008). Results from the 
present study are important for the determination of the nutrient requirements and maximum feed intake of 
breeding ostriches. 
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Chapter 6 
Growth and development of the reproductive 
organs of female breeding ostriches 
 
 
Abstract 
 
A study was conducted to determine the growth rate of the reproductive organs of breeding female ostriches, which may 
be used in a prediction model for estimating the nutrient requirements of ostrich breeding birds. Forty breeding female 
ostriches were sampled over an eight week period (five per week) starting at the onset of the breeding season. The 
ovary and oviducts were collected and weighed at each slaughter interval. No significant trend in the weight of the 
oviduct of the ostriches could be observed over the 49 day period, this weight being highly correlated with the body 
weight of the ostrich; whereas the ovary weight tended to be correlated with the time after the onset of the breeding 
period, although the variation in weights both within and between weightings was very high. The variation in the weight of 
the ovary probably reflects differences in the laying pattern of individuals, and this lends itself to simulating the ovulatory 
cycle and consequently gaining a better understanding of the process, which would in turn aid in determining the 
requirement for the nutrients responsible for the growth of the ova. 
 
Keywords: ostriches, nutrition, ovaria, oviduct, liver, growth rate, protein, modelling, follicle 
 
 
Introduction 
 
The daily intake of nutrients to meet the requirements for maintenance, growth, and egg production are well 
defined for broilers and laying hens, but this is not the case with breeding ostriches. Whereas the protein and 
amino acid requirements for egg production in breeding ostriches as determined by du Preez (1991) were 
based on the weight of the egg and the bird, this approach has been shown to be less accurate than when 
the production requirements are based on the composition of the egg, and the maintenance requirements on 
the body protein content of the bird (Emmans & Fisher, 1986). Furthermore, Gous & Nonis (2009) have 
described the basis for calculating the nutrient requirements for egg production, these being based on the 
pattern of laying, which is in turn based on the internal cycle length of the hen, and the weights of the yolk 
and albumen, which differ as the hen ages. The calculations by du Preez (1991) were based on the 
assumptions that the breeding ostrich will lay an egg every second day and eat 2 kg feed per day. A study by 
Olivier et al. (2009) revealed that female birds can consume up to 3.7 kg feed per day in an ad libitum 
situation. Under controlled conditions birds are fed only 2.5 kg feed/day (Brand & Gous, 2006). Each female 
produces between 40 and 47 eggs per season (Brand et al., 2002). 
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When calculating the nutrient requirements of the bird during the period immediately prior to the laying of the 
first egg, it is necessary to account for the growth of the oviduct and ovary. Bowmaker & Gous (1989) 
studied the growth of the liver, ovary and oviduct of broiler breeder pullets to calculate the dietary 
concentration of the protein, lysine, methionine, and tryptophan necessary to meet the requirements of these 
birds for maintenance and growth between the ages of 20 and 30 weeks. Different treatments were used to 
study the rate of development of the oviduct and ovary over time, but growth was the same with all 
treatments. The Gompertz growth curve fitted the data good. 
 
Breeding ostriches need adequate daily intakes of protein for the growth of the reproductive organs. It is 
possible that reproductive potential is dependent on the growth rate of these organs, although this theory is 
not supported by some literature (Williams, 2005). Lambrechts (2006) reported that the reproductive ability of 
the ostrich is dependent on nutrition, behavior, management, and physiological health. Roland et al. (1974) 
stated that the weight of the ovary and oviduct of laying hens is reduced when the dietary calcium supply is 
less than 0.5 g calcium/kg food, thus emphasizing the importance of calcium on the reproductive 
performance of the laying hen.  
 
In this study, the growth rate of the reproductive organs of the breeding female ostrich was investigated in 
order to gather data for the development of a model of the nutrient requirements of breeding ostriches (Gous 
& Brand, 2008). 
 
 
Material and Methods 
 
Forty female breeding ostriches were slaughtered over a period of eight weeks at a rate of five per week. 
The first group was slaughtered on the day of onset of the annual breeding season, when males are placed 
with the females. The ages of the birds varied between four and twelve years. The ovary and oviduct was 
removed from each bird and weighed. The vagina of each oviduct was removed since it is believed that this 
part of the oviduct would not vary in weight between the reproductive and non-reproductive states. The 
ovary, oviduct, and liver were analyzed for crude protein and crude fat. All crude protein and crude fat 
analysis was undertaken according to by the method used by Horwitz (2002). Crude protein was analyzed 
on a LECO FP-428 model, while crude fat analysis was conducted on a Tecator Soxtec System HT 1043 
extraction unit. An ANOVA was performed on the data using the software program Statgraphics (2005), and 
simple linear regressions were fitted using Genstat (2008). 
 
 
Results and Discussion 
 
The mean weights of the reproductive organs that were taken at weekly intervals from the start of the 
breeding season, are given in Table 6.1 and Table 6.2. The observations within and between each interval 
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were extremely variable making it impossible to fit Gompertz growth curves to the data, as had been 
accomplished with broiler breeders (Bowmaker & Gous, 1989). 
 
For the oviduct, there was no relationship between the weight of the oviduct and the age of the bird or days 
after mating, but there was a highly significant correlation with body weight (regression coefficient = 18.65 ± 
5.54 g/kg body weight, P<0.01). 
 
The weight of the ovary was not correlated with age or body weight, but correlated with days after mating 
(26.44 ± 11.64 g/d, P<0.05). The rate at which the ovary weight increases after the start of the mating period 
might be expected to show a curvilinear or exponential trend, reaching a peak and then flattening off, but 
data from this study did not support this. 
 
 
Table 6.1 Mean and standard errors for the weight and chemical composition of the ovary of female 
breeding ostriches 
Days after 
mating Weight (g) Moisture (%) Ash (%) Crude protein (g)1 Crude protein (%) Fat (g)1 Fat (%) 
0    513a 72.4 5.1    73.0a 49.8    90.4a 39.7 
7 1394 57.1 4.3 285.3 46.1 312.5 51.3 
14 2030 64.0 3.8 291.6 42.0 435.7 46.3 
21    775 68.6 5.2 106.9 42.9 144.1 44.9 
28 2046 63.9 3.8 310.2 40.6 461.4 47.6 
35 1744 61.7 4.0 267.0 41.1 378.2 45.9 
42 1625 62.7 4.7 247.3 42.1 367.7 47.4 
49  2399a 58.5 3.7  338.8a 34.3  559.0a 54.4 
se2   1031.9   84.2  132.2  
a,b means in columns with different superscripts differ significantly (P<0.05) 
1 crude protein (g) and fat value (g) are on an as is basis 
2 se=standard error 
 
The variation observed in these organs is probably due to the fact that egg production is highly variable in 
breeding female ostriches. It may be speculated that female birds with a high predicted breeding value for 
egg production, would have higher weights for the reproductive organs; while birds with a low predicted 
breeding value, would consequently have lower weights. The variation in ovary weight reflects differences in 
the number of developing ova, which would be expected to be highly variable in this species. 
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Table 6.2 Mean and standard errors for the weight and chemical composition of the oviduct of female 
breeding ostriches 
Days after 
mating Weight (g) Moisture (%) Ash (%) Crude protein (g)1 Crude protein (%) Fat (g)1 Fat (%) 
0  516a 84.7 6.6    71.2a 76.1  12.5a 18.0 
7 932 82.3 5.3 111.9 78.1 25.0 13.6 
14 694 81.1 4.7 124.4 76.9 24.1 16.4 
21 484 81.4 5.0   68.5 77.6 12.5 15.3 
28 813 79.3 4.6 134.5 77.2 19.0 13.6 
35 853 80.4 4.6 127.5 74.8 26.5 16.9 
42 842 82.4 5.1 130.9 85.0 10.3   6.6 
49  868a 78.7 4.4  133.0a 70.2   35.1a 20.8 
se2  384.4   31.8  5.9  
a,b means in columns with different superscripts differ significantly (P<0.05) 
1 crude protein (g) and fat value (g) are on an as is basis 
2se=standard error 
 
The oviduct weights of birds in an immature sexual state, obtained either before the onset of the first laying 
period or midway between successive breeding periods, would give a better indication of the extent to which 
the oviduct would need to grow to reach a sexually mature state. Similarly, the weight of the ovary prior to 
the development of ova would be a useful measure, to which the weights of the developing ova could be 
added to determine the nutrient requirements for the growth of these ova. To date, the ovulatory cycle of the 
female ostrich has not been studied mathematically, and this would be a useful exercise in determining the 
nutrient requirements for egg production in this species. 
 
No significant difference was observed between day 0 and 49 (P>0.05) for crude protein and fat content on a 
as is basis. The crude protein percentage of each ovary varied widely, with range of 32.6% - 79.2%. A 
finding from this observation is that the smaller ovaries contain more protein than the heavier ovaries. The 
crude protein content of the oviduct varied less, ranging from 57.8% -94.3%. 
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Figure 1 Protein accumulation of the ovary  
 
 
 
 
Figure 2 Protein accumulation of the oviduct  
 
 
 
‐50
0
50
100
150
200
250
300
350
400
450
0 7 14 21 28 35 42 49
Pr
ot
ei
n 
 in
 o
va
ry
 (g
)
Days after mating
0
20
40
60
80
100
120
140
160
180
0 7 14 21 28 35 42 49
Pr
ot
ei
n 
in
 o
vi
du
ct
 (g
)
Days after mating
  76
 
 
Figure 3 Fat accumulation of the ovary 
 
 
 
 
Figure 4 Fat accumulation of the oviduct 
 
 
The number of follicles between the weighing intervals was also counted. No significant difference was seen 
between the intervals (P>0.05) after mating and the growth tended to be linear (P=0.09), however large 
variation was observed within each slaughter interval. Figure 5 shows the graph of the number of follicles. 
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Figure 5 The number of follicles larger than a diameter of 20mm 
 
The liver weights varied significantly (P<0.05) between day 0 and 49, tending to decline progressively over 
the laying period (y = -6.1x + 1822.0; SEest = 80.4; R2 = 0.12; P<0.05). This suggests that the birds were 
making use of liver reserves to supplement that obtained from the feed. Crude protein content on an as is 
basis was fairly constant (P>0.05) between day 0 and 49 (316.6±19.5g). Although the weight of protein in the 
liver looks like a linear downward trend, regression analysis revealed no significance (P=0.09). It is uncertain 
whether a pre-layer diet high in protein will result in a higher liver protein content on which the bird can rely 
for higher egg production later in the season, but this appears to be unlikely. A better strategy would be to 
determine more accurately the protein requirements of the ostriches at different stages of the breeding 
period, and to meet these requirements nutritionally rather than relying on labile stores in the liver. Table 6.3 
reveales a decline of 49.8 g crude protein from the liver over the first 7 weeks of the season. If a factor of 0.7 
for the efficiency of utilization of protein is used, the additional amount of protein that will prevent any loss of 
liver protein, can be calculated. It can therefore be anticipated that the breeding female ostrich needs a daily 
additional amount of 1.5g protein to prevent any loss of liver protein during the first 7 weeks of the breeding 
season. 
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Figure 7 Protein content of the liver 
 
 
Conclusion 
 
No significant trend (P>0.05) in the weight of the oviducts of the ostriches could be observed over the 49 day 
period prior to mating, this weight being highly correlated with the body weight of the ostrich; whereas the 
ovary weight tended to be correlated with the time after the onset of the breeding period, although the 
variation in weights both within and between weighings was very high. The variation in the weight of the 
ovary probably reflects differences in the laying pattern of individuals, and this lends itself to simulating the 
ovulatory cycle and consequently gaining a more scientific understanding of the process, which would in turn 
aid in determining the requirement for the nutrients responsible for the growth of the ova. Evidence exists 
that the weight of the liver declines (P<0.05) over the season, implying that liver reserves are used. Protein 
supplementation, supporting the growth of the reproduction organs and the liver, might prove beneficial. Data 
from this study will be used in an optimising model (Brand & Gous, 2006) to predict the nutrient requirements 
of female breeding ostriches. 
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Chapter 7 
Egg laying patterns of the female breeding ostrich 
 
Abstract 
 
In three experiments, the egg laying pattern as well as the frequency of egg laying of breeding female ostriches was 
studied. In Experiment 1, five diets varying in dietary protein (7.5%, 9.1%, 10.8%, 12.3% and 14%) were given to females 
at a rate of 2.5 kg/bird/day. Experiments 2 and 3 consisted of the following dietary ME treatments respectively: 7.5, 8.0, 
8.5, 9.0, 9.5 and 10.0 MJ ME/kg feed and 8.0, 8.7, 9.4, 10.1, 10.8, 11.5 MJ ME/kg feed. Feed intake for Experiment 2 
was 3.4 kg/bird/day; and for experiment 3 ad libitum. None of the dietary treatments affected the mean frequency of lay 
(eggs/female/month) and mean weekly egg laying patterns (eggs/week) of female ostrich birds significantly (P>0.05). 
Means and standard errors of frequency of egg lay for Experiment 1, 2 and 3 were 5.0±0.2, 5.6±0.9, 6.2±0.8 eggs/month 
and 1.1±0.2, 1.4±0.2, 1.6±0.2 respectively for the weekly egg laying pattern. Egg production in female breeding ostriches 
was highly erratic and not influenced by different dietary protein and energy levels at these feed intake levels; nor does 
dietary protein and energy affect the egg laying patterns of ostrich birds, as shown in these studies. 
 
Keywords: ostriches, nutrition, egg production, energy, protein 
 
 
Introduction 
 
The laying hen lays an egg every day during a period of sequential egg-laying which is normally called a 
clutch, which are normally separated from each other by a pause day (Zakaria et al., 1984). The egg-laying 
characteristics of the laying fowl can be influenced by external factors like nutrition and the ambient 
temperature (Al-Saffar & Rose, 2002). Weber (2009) stated that an adequate supply of all nutrients is 
important to maximise the productivity of the laying hen. The cause of low egg production in broiler breeders 
is not well understood (Hocking et al., 1987). Nutrition related factors like obesity can contribute to below 
average egg production in broiler breeders (Robinson & Wilson, 1996). It was indicated by Malden et al. 
(1979) that egg production were depressed when broilers breeders were too fat. A possible cause is that 
excess fat deposits can prevent eggs from deposited in the oviduct (Badley, 1997). Scott et al. (1969) 
conveyed that excess fat that is deposited in adipose tissue surrounding the reproductive organs will 
influence egg production. Therefore it is common practice to restrict the feed intake of broiler breeders. The 
rate of lay is subsequently raised 
 
No information is available that proves whether nutrition affects the egg-laying pattern of breeding ostriches. 
The purpose of the investigation is to establish the egg laying patterns of the breeding ostrich at different 
nutritional levels. 
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Material and Methods 
 
The study consists of three experiments. For Experiment 1, 100 female breeding ostriches were divided into 
five groups, consisting of twenty birds per group. Five different diets were given at 2.5 kg/bird/day to both 
males and females over two subsequent breeding seasons. Energy levels were held constant at 9.2 MJ 
ME/kg feed. For Experiment 2, ninety pairs of breeding ostriches were divided into six groups, consisting of 
15 breeding pairs per group. Six diets varying in ME content (7.5, 8.0, 8.5, 9.0, 9.5 and 10.0 MJ ME/kg feed) 
were provided at a rate of 3.4 kg/bird/day. Dietary protein level was held constant at 12%. Experiment 3, 
ninety pairs of breeding ostriches were divided into six groups, consisting of 15 breeding pairs per group. Six 
diets varying in ME content (8.0, 8.7, 9.4, 10.1, 10.8 and 11.5 MJ ME/kg feed) were provided ad libitum. 
Tables 1 – 5 provides the nutrient and raw material content of each experiment. 
 
All experiments were conducted in Oudtshoorn (South Africa) over one breeding season, except Experiment 
1 which covered two breeding seasons. Breeding pairs were kept in a 1:1 ratio in a single breeding camp. 
The annual breeding season in South Africa starts in June and ends in January the following year. The same 
feed was given to both males and females. Statistical analysis was performed on the data, using 
Statgraphics (2005) for one-way ANOVA. To analyze the effect of age on the data, an ANACOVA was done 
using Statistica (2009). Diet was used as the categorical predictor and age as the covariate. 
 
 
Table 7.1 Ingredient and nutrient content of the five experimental diets with increasing crude protein content 
provided to ostrich birds during two seasons (Experiment 1) 
Ingredients (kg/ton feed) Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 
Oat Bran 490 467 444 420 397 
Maize 207 195 184 172 160 
Wheat Bran 197 148 99 49 0 
Lucerne 0 38 75 113 150 
Soyabean oilcake meal 0 27 53 80 106 
Sunflower oilcake meal 0 23 45 68 90 
Limestone 60 58 56 54 52 
Molasses 25 25 25 25 25 
Monocalciumphosphate 12 12 12 12 12 
Salt 4.00 4.00 4.00 4.00 4.00 
Premix 2.50 2.50 2.50 2.50 2.50 
Lysine 1.66 1.25 0.83 0.42 0.00 
Threonine 0.78 0.00 0.70 0.67 0.63 
Methionine 0.48 0.46 0.43 0.41 0.38 
Nutrients   
Metabolisable energy (MJ ME/kg) 9.20 9.20 9.20 9.20 9.20 
Crude protein (%) 7.50 9.10 10.8 12.3 14.0 
Lysine (%) 0.29 0.36 0.44 0.51 0.58 
Threonine (%) 0.23 0.29 0.34 0.40 0.45 
Methionine+Cysteine (%) 0.21 0.27 0.32 0.38 0.43 
 
  83
Table 7.2 Ingredient and nutrient content of the experimental diets varying in ME content fed to breeding 
ostriches (Experiment 2) 
Composition (kg/ton feed) Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6 
Energy level (MJ ME/kg feed) 7.5 8.0 8.5 9.0 9.5 10.0 
Oat Bran 670 536 402 268 134 0 
Maize meal 0 110 220 330 440 550 
Lucern hay 48.6 90.1 131.6 173 214.5 256 
Soyabean oilcake 165 142.4 119.8 97.2 74.6 52 
Flaxseed 0 10 20 30 40 50 
Limestone 50 48.8 47.6 46.4 45.2 44 
Dicalciumphosphate 30 26.9 23.9 20.8 17.8 14.7 
Molasses 20 20 20 20 20 20 
Salt 10 10 10 10 10 10 
Mineral&Vitamin premix 2.50 2.50 2.50 2.50 2.50 2.50 
Synthetic lysine 0.80 0.80 0.70 0.70 0.60 0.60 
Synthetic methionine 1.90 1.60 1.20 0.90 0.50 0.20 
Synthetic threonine 1.20 1.00 0.70 0.50 0.20 0.00 
Nutrients             
ME (MJ ME/kg feed) 7.5 8.0 8.5 9.0 9.5 10.0 
Crude protein (%) 12.0 12.0 12.0 12.0 12.0 12.0 
Lysine (%) 0.58 0.58 0.58 0.58 0.58 0.58 
Methionine-cysteine (%) 0.42 0.42 0.43 0.43 0.43 0.44 
Threonine (%) 0.45 0.46 0.46 0.47 0.48 0.49 
Arginine (%) 0.59 0.60 0.62 0.63 0.65 0.66 
Tryptophane (%) 0.13 0.15 0.16 0.17 0.19 0.20 
Isoleucine (%) 0.44 0.45 0.45 0.46 0.47 0.47 
Fat (%) 1.10 1.90 2.70 3.50 4.20 5.00 
Fatty acid C18:2 (%) 0.08 0.34 0.60 0.87 1.13 1.39 
Fatty acid C18:3 (%) 0.02 0.21 0.41 0.61 0.80 1.00 
Fiber (%) 20.7 18.4 16.1 13.8 11.4 9.10 
Calcium (%) 2.70 2.70 2.60 2.60 2.50 2.40 
Phosphorus (%) 0.60 0.60 0.60 0.60 0.50 0.50 
 
 
Table 7.3 Analyzed nutrient composition of the six experimental diets varying in ME content fed to breeding 
ostriches (Experiment 2) 
Nutrient composition Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6 
ME (MJ ME/kg feed) 8.06 5.25 8.20 7.27 8.13 9.13 
Crude protein (%) 13.3 12.6 11.6 11.1 11.4 10.9 
Dry Material (%) 92.0 92.1 91.5 91.0 90.7 90.6 
Ash (%) 13.3 11.3 10.4 11.2 10.1 10.3 
Fat (%) 2.10 2.50 3.20 3.90 4.30 4.90 
Crude fiber (%) 20.6 18.3 16.3 15.5 13.3 8.90 
Calcium (%) 3.00 3.00 3.20 3.10 2.80 2.60 
Phosphorus (%) 0.50 0.70 0.70 0.60 0.50 0.50 
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Table 7.4 Ingredient and nutrient composition of the experimental diets with increasing ME content provided 
to ostrich birds during one season (Experiment 3) 
Ingredients (kg/ton feed)  Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6  
Energy level (MJ ME/kg feed) 8.0 8.7 9.4 10.1 10.8 11.5 
Oats hulls 619 495 371 248 124 0.00 
Maize  0.00 107 214 322 429 536 
Alfalfa meal 0.00 35 69 104 138 173 
Canola meal 242 215 188 162 135 108 
Flaxseed 0.0 10 20 30 40 50 
Limestone 45 44 43 42 41 40 
Dicalciumphosphate 28 27 27 26 26 25 
Molasses 50 50 50 50 50 50 
Salt 10 10 10 10 10 10 
Vitamin&mineral premix 5.00 5.00 5.00 5.00 5.00 5.00 
Synthetic lysine 0.30 0.30 0.30 0.30 0.30 0.30 
Nutrients             
ME (MJ ME/kg feed)  8.0 8.7 9.4 10.1 10.8 11.5 
Crude protein (%) 12.0 12.0 12.0 12.0 12.0 12.0 
Lysine (%) 0.60 0.60 0.60 0.60 0.60 0.60 
Methionine&Cysteine (%) 0.46 0.50 0.50 0.50 0.50 0.47 
Threonine (%) 0.45 0.50 0.50 0.50 0.50 0.45 
Arginine (%) 0.59 0.60 0.60 0.60 0.60 0.63 
Tryptophan (%) 0.15 0.10 0.10 0.10 0.10 0.13 
Fat (%) 1.80 2.40 2.90 3.50 4.00 4.60 
Fatty acid C18:2 (%) 0.00 0.30 0.60 0.90 1.20 1.50 
Fiber (%) 20.7 18.0 15.2 12.5 9.70 7.00 
Calcium (%) 2.60 2.60 2.60 2.50 2.50 2.50 
Phosphorus (%) 0.60 0.60 0.60 0.60 0.60 0.60 
 
 
Table 7.5 Analyzed nutrient composition of the six experimental diets varying in ME content fed to breeding 
ostriches (Experiment 3) 
Nutrient composition Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6 
ME (MJ ME/kg feed) 8.00 8.70 9.40 10.1 10.8 11.5 
Crude protein (%) 12.7 12.8 12.9 12.8 12.8 13.2 
Dry Material (%) 91.7 91.6 91.4 91.2 90.3 90.6 
Ash (%) 12.4 12.0 12.0 11.9 11.5 12.2 
Fat (%) 2.37 2.87 3.35 3.17 3.81 3.76 
Crude fiber (%) 21.7 19.7 17.7 18.1 15.2 12.7 
 
 
Results and Discussion 
 
Mean frequency of egg laying is recorded as eggs per female per month. No significant difference (P>0.05) 
was observed for any of the three experiments. A tendency (P=0.06) for a higher frequency of egg laying 
was noticed in experiment 1. The means and standard errors for experiments 1 - 3 were respectively 
5.0±0.2, 5.6±0.9 and 6.2±0.8. Tables 7.6 – 7.8 list the results of the egg laying frequencies. The weekly egg 
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pattern (eggs/week) for each month is displayed in Tables 7.9 – 7.11. Similarly no difference (P>0.05) was 
observed for any experiment for the mean weekly egg laying pattern. A tendency for more eggs laid per 
week (P=0.06) was noticed in Experiment 1. Analysis of covariance (ANACOVA) revealed that age had an 
influence (P<0.05) on the mean frequency of lay and on the mean weekly egg laying pattern for experiments 
1 and 2. Ostriches therefore tend to lay more eggs on a weekly and monthly basis as they get older. Figures 
1 – 4 shows the mean frequency of lay and the mean weekly egg laying pattern of the different age groups. 
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Table 7.6 Frequency of egg laying (eggs/female/month) for Experiment 1 
Treatment  
(% CP) May June July August September October November December January Mean
7.5 0.05 2.6 5.7 6.2 5.7 5.7 5.5 3.5 2.0 4.6a
9.1 0.1 4.6 7.8 7.7 7.3 6.2 5.6 5.9 2.4 5.9a
10.8 0.2 5.0 7.6 7.1 8.0 5.4 5.1 3.8 1.7 5.4a
12.3 0.1 2.8 6.3 6.5 6.4 4.9 5.2 3.0 1.4 4.6a
14.0 0.0 2.2 6.4 6.2 7.2 4.9 4.1 3.3 1.4 4.4a
Mean and se1 0.1±0.04 3.4±0.3 6.7±0.4 6.7±0.4 6.9±0.4 5.4±0.3 5.1±0.3 3.9±0.3 1.8±0.2 5.0±0.2 
means in columns with same superscript do not differ significantly (P>0.05) 
1se=standard error 
 
 
Table 7.7 Frequency of egg laying (eggs/female/month) for Experiment 2 
Treatment 
(MJ ME/kg feed) May June July August September October November December January Mean
7.5 0.0 1.2 4.9 5.8 4.5 6.7 5.5 6.4 5.8 5.1a
8.0 0.0 1.1 3.0 6.0 4.4 5.5 5.1 5.3 4.8 4.4a
8.5 0.1 1.7 4.9 8.0 8.9 7.7 7.5 8.5 6.5 6.7a
9.0 0.1 0.9 2.4 5.8 6.4 7.3 6.7 6.1 6.9 5.3a
9.5 0.0 1.5 4.1 8.1 9.0 8.3 6.1 8.1 5.8 6.2a
10.0 0.1 3.0 4.1 5.8 7.3 5.8 6.7 7.1 6.6 5.9a
Mean and se1 0.1±0.1 1.4±0.9 4.0±1.3 6.6±1.5 6.8±1.4 6.9±1.4 6.3±1.4 6.9±1.3 6.1±1.3 5.6±0.9 
means in columns with same superscript do not differ significantly (P>0.05) 
1se=standard error 
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Table 7.8 Frequency of egg laying (eggs/female/month) for Experiment 3 
Treatment 
(MJ ME/kg feed) May June July August September October November December Mean
8.0 0.4 2.8 7.8   8.6   9.8   7.6 8.4 1.8 6.4a
8.7 0.3 1.3 7.8   8.7   8.9   9.1 7.1 0.7 6.1a
9.4 0.0 1.6 6.7   7.5 10.6 10.5 9.3 2.1 6.6a
10.1 0.0 3.7 9.9 10.4 10.2 10.2 9.9 2.8 7.8a
10.8 0.0 1.5 5.5   5.3   6.20   6.3 7.2 1.5 4.6a
11.5 0.3 2.1 4.6   8.2 10.6   8.3 8.0 1.5 6.0a
Mean and se1 0.2±0.2 2.2±1.0 7.0±1.5   8.10±1.3   9.40±1.2   8.70±1.3 8.3±1.3 1.7±0.4 6.2±0.8 
means in columns with same superscript do not differ significantly (P>0.05) 
1se=standard error 
 
 
Table 7.9 Weekly laying pattern (eggs/week) for Experiment 1 
Treatment 
(% CP) Week 1-4 Week 5-8 Week 9-12 Week 13-16 Week 17-20 Week 21-24 Week 25-28 Week 29-32 Mean 
7.5 0.7 1.4 1.5 1.4 1.4 1.4± 0.9 0.5 1.1a
9.1 1.1 1.9 1.9 1.8 1.5 1.4± 1.5 0.6 1.5a
10.8 1.2 1.9 1.8 2.0 1.4 1.2± 0.9 0.4 1.4a
12.3 0.7 1.6 1.6 1.6 1.2 1.3± 0.7 0.4 1.1a
14.0 0.5 1.6 1.0 1.8 1.2 1.0± 0.8± 0.4 1.1a
Mean and se1 0.9±0.1 1.7±0.1 1.7±0.1 1.7±0.1 1.3±0.1 1.3±0.1 1.0±0.1 0.4±0.1 1.2±0.1 
means in columns with same superscript do not differ significantly (P>0.05) 
1se=standard error 
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Table 7.10 Weekly laying pattern (eggs/week) for Experiment 2 
Treatment 
(MJ ME/kg feed) Week 1-4 Week 5-8 Week 9-12 Week 13-16 Week 17-20 Week 21-24 Week 25-28 Week 29-32 Mean
7.5 0.3 1.2 1.5 1.1 1.7 1.4 1.6 1.5 1.3a
8.0 0.3 0.8 1.5 1.1 1.4 1.3 1.3 1.2 1.1a
8.5 0.4 1.2 2.0 2.2 1.9 1.9 2.1 1.6 1.7a
9.0 0.2 0.6 1.5 1.6 1.8 1.7 1.5 1.7 1.3a
9.5 0.1 1.0 2.0 2.3 2.1 1.5 2.1 1.5 1.6a
10.0 0.8 1.2 1.5 1.8 1.5 1.7 1.8 1.7 1.5a
Mean and se1 0.4±0.2 1.0±0.3 1.6±0.4 1.7±0.3 1.7±0.3 1.6±0.3 1.7±0.3 1.5±0.3 1.4±0.2 
means in columns with same superscript do not differ significantly (P>0.05) 
1se=standard error 
 
 
Table 7.11 Weekly laying pattern (eggs/week) for Experiment 3 
Treatment 
(MJ ME/kg feed) Week 1-4 Week 5-8 Week 9-12 Week 13-16 Week 17-20 Week 21-24 Week 25-28 Mean
8.0 0.7 2.0 2.2 2.5 1.9 2.1 0.5 1.7a
8.7 0.3 2.0 2.2 2.2 2.3 1.8 0.2 1.6a
9.4 0.4 1.7 1.9 2.7 2.6 2.3 0.5 1.7a
10.1 0.9 2.5 2.6 2.6 2.6 2.5 0.7 2.0a
10.8 0.4 1.4 1.3 1.6 1.6 1.8 0.4 1.2a
11.5 0.5 1.2 2.1 2.7 2.1 2.0± 0.4 1.5a
Mean and se1 0.5±0.2 1.8±0.4 2.0±0.3 2.3±0.3 2.2±0.3 2.1±0.3 0.4±0.1 1.6±0.2 
means in columns with same superscript do not differ significantly (P>0.05) 
1se=standard error 
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Figure 1 Mean frequency of egg lay (mean total eggs/month) of female birds of different age groups 
for experiment 1 
 
 
 
 
 
Figure 2 Mean weekly egg lay pattern (mean total eggs/week) of females of different age groups for 
experiment 1 
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Figure 3 Mean frequency of egg lay (mean total eggs/month) of female birds of different age groups 
for experiment 2 
 
 
 
 
 
Figure 4 Mean weekly egg lay pattern (mean total eggs/week) of females of different age groups for 
experiment 2 
 
 
 
 
0.0
2.0
4.0
6.0
8.0
10.0
12.0
0 2 4 6 8 10M
ea
n 
fr
eq
ue
nc
y 
of
 e
gg
 la
y 
(m
ea
n 
to
ta
l 
eg
gs
/m
on
th
)
Age of female birds in years
0.0
0.5
1.0
1.5
2.0
2.5
3.0
0 2 4 6 8 10
M
ea
n 
w
ee
kl
y 
eg
g 
la
y 
pa
tt
er
n 
(m
ea
n 
to
ta
l e
gg
s/
w
ee
k)
Age of female birds in years
  91
Conclusion 
 
This study shows that neither dietary energy nor protein inclusion levels of this study affected the 
mean frequency of lay (eggs/female/month) and the mean weekly egg laying pattern (eggs/week) of 
breeding ostriches significantly (P>0.05). Dietary protein tended to affect mean frequency of egg 
laying and the mean weekly egg laying pattern (P=0.05). Overall it seems from this studies that eggs 
were on average laid every 6th (Experiment 1), 5th (Experiment 2) and 5th (Experiment 3) day, which 
differs greatly in comparison with the laying hen. The maximum frequency of lay (eggs/female/month) 
for each experiment was 8.0 (Experiment 1), 9.0 (Experiment 2) and 10.6 (Experiment 3). The current 
research shows that egg production is highly variable among breeding ostriches and erratic in 
individual breeding ostriches, which is in agreement with studies performed by Bunter et al. (2001). 
No trends or significant regressions could be observed in the study due to the large variation in egg 
production. It is unlikely that nutrition plays a role in the egg-laying pattern or the high variation in egg 
production. It seems that genetic-factors contributed to the variation in egg production and erratic lay. 
The selection of birds with a high breeding value for egg production in order to achieve uniformity in 
breeding ostriches, seems prudent. 
 
 
References 
 
Al-Saffar, A.A. & Rose, S.P., 2002. Ambient temperature and the egg laying characteristics of laying 
fowl. World’s Poult. Sci. J. 58, 317-331 
Badley, A.R., 1997. Fertility, hatchability and incubation of ostrich (Struthio camelus) eggs. Poult. 
Avian Bio. Rev.8, 53-76 
Bunter, K.L., Cloete, S.W.P., Van Schalkwyk, S.J. & Graser, H.-U., 2001. Factors affecting 
reproductive performance in farmed ostriches. Proc. Assoc. Advmt. Anim. Breed. Genet. 14, 43 
Hocking, P.M., Gilbert, A.B., Walker, M. & Waddington, D., 1987. Ovarian follicular structure of white 
leghorns fed ad libitum and dwarf and normal broiler breeders fed ad libitum or restricted until 
point of lay. Br. Poult. Sci. 28, 493-506 
Malden, C.N., Richard, E.A. & Leslie, E.C., 1979. Poultry Production. 12th edition. Philadelphia, Lea & 
Febiger. pp. 191-252 
Robinson, F.E. & Wilson, J.L., 1996. Reproductive failure in overweight male and female broiler 
breeders. Anim F. Sci. Tech. 58, 143-150 
Scott, M.L., Nesheim, M.C. & Young, R.J., 1969. Nutrition of the chicken. M.L. Scott & Assoc., Ithaca, 
New York 
Weber, G.M., 2009. Improvement of flock productivity through supply of vitamins for higher laying 
performance and better egg quality. World’s Poult. Sci. J. 65, 443-458 
Zakaria, A.H., Miyaki, T. & Imai, K., 1984. The relationship of clutch length and egg position on 
ovarian follicular growth in laying hens. Poult. Sci. 63, 1250-1254 
 
  92
Chapter 8 
Determination of energy, protein and amino acid 
requirements for maintenance and egg production of ostriches 
 
Abstract 
 
Great success has been achieved with modelling in quantifying the nutrient requirements of poultry, but modelling 
has been used only in a few previous studies with ostriches. Results from Chapter 4 and previous studies were 
used to determine the energy, protein and amino acid requirements for egg production and maintenance. Two 
methods were used to determine the energy requirement for egg production of ostrich breeding birds. 
Metabolisable energy requirement for egg production (MEe) and efficiency of ME utilization for energy deposition 
in egg (ko) was calculated as 12.2 MJ/egg and 0.8 respectively. Effective Energy requirement for egg production 
(EEe) and maintenance (EEm) was calculated as 15.9 MJ/bird/day and 17.1 MJ/bird/day respectively. Average 
total daily protein requirement (TPt) was calculated as 175g/day. 
 
 
Keywords: ostriches, efficiency of utilization, modelling 
 
 
Introduction 
 
Modelling is an appropriate tool to determine the nutrient requirements of animals, but has seldom 
been used to determine requirements for breeding ostriches. Several trials have been conducted to 
determine the maintenance (du Preez, 1991; Cilliers, 1994) and egg production (du Preez, 1991) 
requirements of ostriches. Gous & Nonis (2009) calculated the nutrient requirements for egg 
production in poultry, these being based on the pattern of laying. This is in turn based on the internal 
cycle length of the hen, and the weights of the yolk and albumen, which differ as the hen ages. The 
efficiency of ME utilization for deposition in egg (ko) for poultry varies between 0.6 – 0.85 (Chwalibog, 
1985; Luiting, 1990; Sakomura et al., 2009), but has never been calculated for breeding ostriches 
before. This should be calculated in order to describe the ability of the ostrich to deposit energy for 
egg production purposes. 
 
The efficiency of ME utilization for deposition in the egg (ko) and the ME requirement for egg 
production (MEe) was calculated according to a factorial method of Sakomura et al. (2009). Values 
from a study of Brand et al. (2005a) were used to determine the Effective Energy (EE) requirement for 
maintenance based on a model from Emmans & Fisher (1986) and protein and amino acid 
requirements for maintenance from a model of Emmans (1989). The chemical composition of eggs in 
Chapter 4 and from Brand (2002) was used to determine the protein and amino acid requirements for 
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egg production and the EE needed for albumen and yolk deposition. A model from Emmans (1994) 
was used to calculate the EE needed for albumen and yolk deposition. 
 
 
Material and Methods 
 
The energy content of the eggs was estimated by a factorial model proposed by Chwalibog (1992). 
The model was modified by erasing the carbohydrate fraction of eggs, since the carbohydrate portion 
of eggs is negligibly small and not significant. The energy content of an egg represents the net energy 
requirement per kilogram of egg produced (Sakomura et al., 2009). The predictions were in turn used 
to calculate the efficiency of ME utilization for energy deposition in the egg (ko) and the ME 
requirement for egg production (MEe) as used by Sakomura et al. (2009) for poultry. The value for the 
metabolisable energy requirement for maintenance (MEm) and growth (MEg) was obtained from 
Cilliers (1994). Maintenance (MEm), derived from the value 0.425 MJ/kg BW0.75, was reported as 
0.133 MJ/kg body weight or 14.6 MJ/day and MEg as 0.012 MJ/kg body weight or 1.442 MJ/day. Total 
ME requirement (MEt) was calculated by the sum of MEe and MEm. 
 
A model by Emmans & Fisher (1986) was used to determine the maintenance heat (MH) or 
maintenance requirement. According to Cilliers et al. (1995), the Gompertz model estimated the 
mature body weight of ostriches at about 120kg. Kritzinger et al. (2009) on the other hand reported 
the maximum weight at maturity as 119.4kg under assumed optimal conditions. The values of the 
chemical composition of ostriches were obtained from a study of Brand et al. (2005a) and applied for 
a mature ostrich weighting 120kg to determine MH. Various assumptions were made throughout the 
calculations. It was assumed that there is no difference in the % protein in the body and feathers and 
feather weight between a 120kg bird and an 80kg bird. Using the equation from Emmans & Fisher 
(1986): 
 
MH = ME.Pm-0.27.P (MJ/day; P = body protein weight in kg excluding feathers; Pm = mature protein 
weight in kg of the ostrich; ME = 1.63 MJ/unit day) 
 
A model by Emmans (1994) was used to determine the Effective Energy requirement for egg 
production (EEe). Effective Energy requirement for egg production (EEe) is calculated by the sum of 
EE needed for albumen deposition (EEa) and yolk deposition (EEy). The value of the protein content 
of the albumen and yolk used was from a study by Brand (2002). Using the equation from Emmans 
(1994): 
 
EEa = 50(kJ/g protein)*protein(g) 
 
EEy = 50(kJ EE/g protein)*protein(g) + 56(kJ EE/g lipid)*lipid(g) 
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Total Effective Energy requirement per day (EEt) was calculated as the sum of EEe and MH. The 
effective energy required for production of one egg is presented as TEEe. The total Effective Energy 
requirement (EEt) was calculated for every month, because the albumen and yolk weight of eggs 
increased linearly (P<0.05) throughout the season according to Chapter 4, which will influence the 
requirement on a montly basis. 
 
Total protein requirement for maintenance (TPm) was determined by using a model by Emmans 
(1989). Using the equation from Emmans (1989): 
 
TPm = 0.008. Pm-0.27.P (kg/day; P = body protein weight in kg excluding feathers; Pm = mature protein 
weight in kg of the ostrich; 0.008 = the ideal protein requirement factor for poultry in kg) 
 
The crude protein content (g) of eggs (CP), as calculated in Chapter 4, was used to determine the 
daily total protein requirement for egg production (TPe). The amount present in the egg was assumed 
to be the protein requirement for egg production. An efficiency of utilization factor of 0.7 was used in 
this calculation. The total protein requirement for formation of one egg is presented as TPEe. 
 
The total protein requirement (TPt) was calculated as the sum of total protein requirement for 
maintenance (TPm) and total protein requirement for egg production (TPe). The total protein 
requirement (TPt) was calculated for every month, because the crude protein content (g) of eggs on 
an as-is basis increased linearly (P<0.05) throughout the season according to Chapter 4, which might 
influence the requirement on a montly basis. 
 
The amino acid requirement for maintenance (AAm) were determined by using a model by Emmans 
(1989). Using the equation from Emmans (1989): 
 
AAm = 0.008. Pm-0.27.P. AAC (g/day; P = body protein weight in kg excluding feathers; Pm = mature 
protein weight in kg of the ostrich; AAC = g amino acid content in 1 kg body protein excluding 
feathers; 0.008 = the ideal protein requirement factor for poultry in kg) 
 
The amino acid content (g) of eggs (AACe), as calculated in Chapter 4, was used to determine the 
amino acid requirement for egg production (AAe). The amount present in the egg was assumed to be 
the amino acid requirement for egg production. An efficiency of utilization factor of 0.7 was used in 
this calculation. The daily amino requirement for formation of one egg is presented as DAAe. The total 
amino acid requirement (AAt) equals the sum of the amino acid requirement for maintenance (AAm) 
and the amino acid requirement for egg production (DAAe). 
 
To analyze the effect of month and age, an ANACOVA was done using Statistica (2009). Diet was 
used as the categorical predictor and month and age as the covariate. 
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Results and Discussion 
 
Table 8.1 provides the energy content (Mcal/kg egg) of eggs (REe), efficiency of ME utilization for 
deposition in the egg (ko), MJ ME requirement for egg production (MEe), and total ME requirement 
(MEt) (MJ/day), calculated according to a method by Sakomura et al. (2009). The age of the birds had 
no influence (P>0.05) on REe and ko. The MEe calculation does not include the amount of energy 
needed for shell formation, since its contribution to the overall expenditure is small for egg production, 
although du Preez (1991) included it in his calculation. Du Preez (1991) reported that 1 kg shell 
requires 1.2 MJ. It is of interest to note that the month of the season affected ko (P<0.05), tending to 
decline towards the end of the season, according to ANACOVA, when month was held as the 
covariate. Linear regression analysis revealed a monthly decline of 0.05 (y = -0.05x + 0.98; R2 = 0.59; 
P<0.05). Efficiency of ME utilization for deposition in the egg (ko) is higher in comparison with poultry, 
which is 0.64 (Sakomura et al., 2009). The higher efficiency values are unexpected, since the ostrich 
is not selected yet to be able to extract nutrients as sufficiently as the chicken from the diet. It seems 
that the energy requirement to produce a kg egg tends to increase during the season. This can 
possibly be ascribed to impaired efficiency of energy utilization. The pattern of energy deposition in 
eggs (OE) was also investigated. There was no difference (P>0.05) in the ratio between August and 
December for energy deposited in the egg as fat (OFE) and energy deposited in the egg as protein 
(OPE). Figure 1 displays the partitioning of energy deposited as protein in the eggs. The age of the 
birds also had no influence on the OFE:OPE. Although month has no influence on OFE:OPE, the 
minor changes of this ratio may explain the observed variation in the ko over the season. 
 
The efficiency of utilisation of an amino acid or of energy could have remained the same amongst 
birds irrespective of the laying performance of the breeding female ostrich, which is supported by the 
fact that age had no influence on ko. All ostrich females might therefore have used the same amount 
of amino acid and energy to produce one g egg. The only difference amongst individual females is the 
amount of amino acid and or energy consumed, the amount of energy used for maintenance, which 
relies on the metabolic rate and theromgenesis of the bird, and the amount deposited in the body as 
lipid (Fisher et al., 1973). 
 
The MEt (20.7 MJ ME/day) recommended value in the present study is slightly lower than the 
proposed value of 22 MJ ME/day of Brand et al. (2003). The value in this study should be considered 
as the minimum daily energy requirement which will not maximise egg production during the season. 
The daily ME intake of the birds should be set at 22 MJ ME to optimise egg production. 
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Table 8.1 The determination of REe of ostrich eggs and the ko, MEe and MEt of breeding female 
ostriches 
Month REe1 (Mcal) Ko2 TMEe/egg3 (MJ) MEe/day4 (MJ) MEt/day5 (MJ) 
August 1.64 0.92a 10.4 5.2 19.8 
September 1.61 0.85 11.1 5.6 20.2 
October 1.72 0.85 11.8 5.9 20.5 
November 1.73 0.81 12.5 6.3 20.9 
December 1.61 0.71 13.2 6.6 21.2 
January 1.57 0.66b 13.9 7.0 21.6 
Average 1.65 0.80 12.2 6.1 20.7 
Standard 
deviation 0.1 0.1 1.3 0.7 0.7 
a,b means in column with different superscript differ significantly 
*assuming a 210 day laying cycle, laying every 2nd day an egg 
**MEm(metabolisable energy needed for maintenance)=14.6 MJ/day (Cilliers, 1994) 
1REe(retained energy in 1 kg egg in Mcal)=5.8*OP + 9.5*OF + 4.1*OC (OP=protein content in eggs; OF=fat content in eggs; 
OC=carbohydrate content in eggs; unit for content is kg/kg egg) (Chwalibog, 1992) 
2ko(efficiency of ME utilization for deposition in the egg)=REe/[MEi-(MEm+MEg)] (MEi=metabolisable energy intake/kg feed in MJ; 
MEm=metabolisable energy requirement for maintenance per kg body weight in MJ; MEg=metabolisable energy requirement for 
growth per kg body weight in MJ) (Sakomura et al., 2009) 
3TMEe(metabolisable energy needed for formation of one egg in MJ)=REe/ko (Sakomura et al., 2009) 
4MEe (daily metabolisable energy needed for egg production in MJ)=TMEe/2days 
5MEt (total metabolisable energy needed in MJ)=MEe+MEm 
 
The advantage of using a factorial method over an empirical method for estimating the energy 
requirement for production, is that the latter separates the metabolic processes contributing to the 
energy requirements while the empirical methods fail to do so. By using the factorial method, the 
requirement equals the sum of energy required for maintenance and production, by making use of 
fixed values for maintenance and the overall efficiency of energy utilization for growth and energy 
production (Chwalibog, 1992). 
 
 
 
Figure 1 Partitioning of energy deposited as protein in eggs over the season 
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The total protein requirement for maintenance (TPm) was calculated as 84g/day. Although the total 
protein requirement (TPt) listed in Table 8.2 averages at about 175g/day, it appears that this changes 
slightly throughout the season. A lower value for total protein requirement per day (175g) were 
obtained in the present study in comparison with those of du Preez (1991) which were 210g/day. It is 
of utmost importance to note that the protein requirement reported here applies to a well balanced 
mixture of essential and non-essential amino acids. 
 
The amino acid requirements for maintenance and egg production (AAt) are listed in Table 8.3. Lower 
requirements for egg production (DAAe) and maintenance (AAm) were obtained in comparison with 
those reported by du Preez (1991). 
 
 
Table 8.2 The total protein requirement for egg production (TPe) and total protein requirement per egg 
(TPt) for each month 
Month 
Crude protein content of eggs 
(CP) (g)1 TPEe (g)2 TPe (g/day)3 TPt (g/day)4 
August 113.9 162.7 81.4 165.3 
September 127.3 181.9 90.9 174.8 
October 131.8 188.3 94.1 178.0 
November 125.1 178.7 89.4 173.3 
December 128.6 183.7 91.9 175.8 
January 134.9 192.7 96.4 180.3 
Average 126.9 181.3 90.7 174.6 
Standard deviation     7.3   10.4   5.2     5.2 
*assuming a 210 day laying cycle, laying an egg every 2nd day 
**TPm(total protein requirement for maintenance)=84g/day 
1Mean CP content of eggs on an as is basis 
2TPEe(total protein requirement for formation of one egg in gram)=CP/0.7 (0.7 being the assumed efficiency of utilisation of 
dietary protein) 
3TPe(daily total protein requirement for egg production in gram)=TPEe/2days 
4TPt(total protein requirement in gram)=TPm+TPe  
 
 
 
 
 
 
 
 
 
 
 
 
  98
Table 8.3 The amino acid requirements for maintenance (AAm), egg production (AAe) and total amino 
acid requirement (AAt). 
Amino acid AACe (g)1 AAe (g)2 DAAe (g/day)3 AAm (g/day)4 AAt (g/day)5 
Threonine 3.83 5.47 2.73 2.96 5.69 
Arginine 4.31 6.16 3.08 4.87 7.95 
Valine 5.33 7.61 3.81 3.94 7.75 
Histidine 2.45 3.50 1.75 2.32 4.06 
Lysine 6.32 9.03 4.52 5.16 9.68 
Methionine 2.86 4.08 2.04 1.47 3.52 
Tyrosine 5.74 8.20 4.10 1.88 5.98 
Isoleucine 3.34 4.78 2.39 3.45 5.84 
Phenylalanine 3.46 4.95 2.47 3.22 5.70 
Leucine 8.50 12.2 6.07 5.28 11.4 
*assuming a 210 day laying cycle, laying an egg every 2nd day 
1AACe=amino acid content of eggs on an as is basis 
2AAe(amino acid requirement for formation of one egg in gram)=AACe/0.7 (0.7 being the assumed efficiency of utilisation of 
dietary protein) 
3DAAe(daily amino acid requirement for egg production in gram)=AAe/2days 
4AAm(amino acid requirement for maintenance in gram)=8*Pm-0.27*P*AAC (g/day; P = body protein weight in kg excluding 
feathers; Pm = mature protein weight in kg of the ostrich; AAC = g amino acid content in 1 kg body protein excluding feathers; 8 
= the ideal protein requirement factor for poultry in g) (Emmans, 1989) 
5AAt (total amino acid requirement in gram)=AAm+DAAe 
 
 
The dietary percentage crude protein and amino acid needed to meet the requirements for 
maintenance and egg production can be calculated by using the values given in Tables 8.2 and 8.3. It 
has been proved in Chapter 5 that breeding ostriches eat at an average rate of 3.7kg/bird/day under 
an ad libitum situation. Chapter 5 also concluded that the feed intake of the birds is not influenced by 
the dietary content. Further assumptions applies that the bird lays an egg every second day during 
the season. The maximum frequency of egg laying that was recorded in Chapter 7 was 1 egg every 
2.6 days. Brand et al. (2005b) reported the ileal protein digestibility value for ostriches as 64.7%, 
determined by the ileo-rectal anatomosis technique, which is a more superior technique than ileal 
digestibility trials (Fuller & Livingstone, 1982). Emmans & Fisher (1986) recommended an efficiency 
factor for protein of 0.7. The calculated dietary percentage crude protein needed to meet the 
requirements for maintenance and egg production will be displayed below as an example. The dietary 
percentage crude protein and amino acid needed to meet the requirements for maintenance and egg 
production is subsequently given in Table 8.4. 
 
The crude protein content of average sized egg is 126.9g. The crude protein content of the egg is 
assumed to be the requirement for egg production as mentioned previously. Because the hen layed 
an egg every second day, it required only half the crude protein content of the egg every day. Thus, 
126.9g/2days=63.5g/day. The protein requirement for maintenance is 83.9g/day. The daily dietary 
percentage crude protein needed for maintenance and egg production (TPT) can be calculated as 
follow, assuming a feed intake of 3kg, laying an egg every second day, the ileal protein digestibility 
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value for ostriches as 64.7% and a efficiency factor of 0.7. An efficiency factor is already incorporated 
in the model of Emmans (1989) which determined the maintenance requirements. 
 
TPT (%) = [(63.5/3000)*100]*1.54*1.43 + [(83.9/3000)*100]*1.54 
 
TPT (%) = 9.1 % dietary crude protein 
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Table 8.4 The dietary percentage crude protein and amino acid needed to meet the requirements for maintenance and egg production 
Nutrient Content/egg (g)1 
Maintenance 
requirement (g/day)
Daily dietary requirement 
(%) at 2kg feed/day
Daily dietary requirement 
(%) at 2.5kg feed/day
Daily dietary requirement 
(%) at 3kg feed/day
Crude protein 126.9 83.90 11.30 9.88 8.95 
Threonine      3.83   2.96    0.36 0.32 0.29 
Arginine      4.31   4.87    0.49 0.44 0.41 
Valine      5.33   3.94    0.49 0.44 0.40 
Histidine      2.45   2.32    0.25 0.23 0.21 
Lysine      6.32   5.16    0.61 0.54 0.50 
Methionine      2.86   1.47    0.23 0.20 0.18 
Tyrosine      5.74   1.88    0.41 0.35 0.31 
Isoleucine      3.34   3.45    0.36 0.32 0.30 
Phenylalanine      3.46   3.22    0.36 0.32 0.29 
Leucine      8.50   5.28    0.74 0.64 0.58 
*assuming a 210 day laying cycle and laying an egg every 2nd day  
1mean crude protein and amino acid content of eggs on an as is basis 
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The energy requirement for maintenance was calculated as 17.1 MJ/day. Cilliers (1994) calculated 
the EEm value for 7 month old ostriches as 8.9 MJ/day. 
 
The EEe requirement for the different months is presented in Table 8.5. These values apply to 
breeding female ostriches of all ages because the proportion of albumen and yolk and egg 
composition remains unchanged at different ages according to Chapter 4. This is different from broiler 
breeders, where the composition of eggs changes systematically with age (Johnston & Gous, 2007). 
 
 
Table 8.5 Effective Energy requirement for egg production (EEe) and total Effective energy 
requirement (EEt) for each month 
Month Egg weight (g) TEEe (MJ/egg)1 EEe (MJ/day)2 EEt (MJ/day)3 
August 1264 29.0 14.5 31.6 
September 1347 31.1 15.6 32.7 
October 1370 31.6 15.8 32.9 
November 1340 31.0 15.5 32.6 
December 1424 33.3 16.7 33.8 
January 1511 35.3 17.7 34.8 
Average 1376 31.9 15.9 33.0 
Standard deviation        83.8   2.2   1.1   1.1 
*assuming a 210 day laying cycle, laying an egg every 2nd day 
**EEm(effective energy requirement for maintenance per day in MJ)=17.1 MJ/day (EEm=ME.Pm-0.27.P; MJ/day; P = body protein 
weight in kg excluding feathers; Pm = mature protein weight in kg of the ostrich; ME = 1.63 MJ/unit day) (Emmans & Fisher, 
1986) 
1TEEe(total effective energy requirement for formation of one egg in MJ)=EEa (effective energy requirement for albumen 
formation in MJ)+EEy (effective energy requirement for yolk formation in MJ); EEa = 50(kJ/g protein)*protein(g); EEy = 50(kJ 
EE/g protein)*protein(g) + 56(kJ EE/g lipid)*lipid(g) (Emmans, 1994) 
2EEe(daily effective energy requirement for egg production in MJ)=TEEe/2days 
3EEt(total effective energy requirement in MJ)=EEe + EEm 
 
 
Conclusion 
 
Previous studies have revealed that a daily ration below 22 MJ ME per bird per day will probably 
result in lower egg production (Brand et al., 2003), while the current study suggests that the minimal 
total energy requirement to produce an average size egg is 20.7 MJ ME/day. Mean MEe and ko were 
determined respectively as 12.2 MJ ME/egg produced and 0.8, although the MEe and ko changes over 
the season. Nutritionists should not be oblivious of the varied MEe and ko and ration formulation 
should definitely take these factors into consideration. Ostriches have an excellent ability to deposit 
dietary energy in the egg. Average total daily protein requirement for maintenance and egg production 
(TPt) was calculated as 174.6g/day. Amino acid requirement for maintenance and egg production 
were calculated and is lower than the values of du Preez (1991). The average EEe/day was calculated 
as 15.9. Two methods were used in this study to determine the energy requirement for egg 
production. 
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Chapter 9 
General conclusion and future prospects 
 
In this research study various production studies were performed in order to quantify how breeding 
ostriches respond to different dietary energy and protein levels. In another study, the growth of the 
reproductive organs and liver of female breeding ostriches was examined in order to gain data for 
model development. This study provides an description of the nutrient requirement of the breeding 
female ostrich. 
 
Dietary protein and energy had no effect on egg production at the feed intake levels used in this 
study. The age of the birds had an important effect on production data. Chemical analysis of the eggs 
revealed that the breeding female ostrich deposited more protein in the eggs that are laid in the later 
clutches during the laying cycle. A recommendation would be to make use of more egg sample to 
obtain a better understanding of the deposition of nutrients in the eggs that are laid later during a 
single laying cycle.  
 
The average total daily protein requirement for maintenance and egg production (TPt) was calculated 
as 174.6g/day, which is lower than the value proposed by du Preez (1991). The amino acid 
requirements for maintenance and egg production is also provided, which is also lower than the 
values determined by du Preez (1991). The average MEe to produce an average size egg (1.39kg) is 
12.2 MJ ME as found in this study, but this value should be changed every month during the season 
to a maximum of 13.9 MJ ME in the last month. The total average MJ ME needed per day (20.7 MJ) is 
slightly lower than the values of 22 MJ ME/day proposed by Brand (2008) and 23 MJ ME/day by du 
Preez (1991). The average ko value is reported as 0.8. Breeding ostriches have an excellent ability to 
extract energy from the diet for egg production purposes, but this ability is impaired towards the end 
of the season, probably due to minor changes in the OFE:OPE. The requirement for energy is not 
fixed, and is different for every month. Future energy research might be aimed at determining the 
partial efficiencies of protein and fat energy for ostriches. Breeding ostriches do not have the ability to 
regulate their feed intake at any dietary energy level as used in this study, which was unexpected. 
The possibility exists that other unknown factors may have influenced feed intake. 
 
The growth studies of the reproductive organs and liver revealed that the breeding female ostrich 
might need additional protein during the first seven weeks of the breeding season. The current study 
does not provide evidence as to whether the reproductive organs grow during the rest period or when 
they start growing. This aspect should be investigated in future research. The growth of the 
reproductive organs in the current study was not uniform, which makes it difficult to indicate the 
tendency of the growth of the ovary and oviduct, and to fit a suitable model like the Gompertz curve. A 
recommendation would be to make use of more observations in order to prove beyond doubt whether 
the organs grow significantly or not, since only a small number of birds were slaughtered in this study. 
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Dawson et al. (1986) and Foster et al. (1987) stated that an increase in the photoperiod resulted in 
the maturation of the gonads. This should be investigated to determine to what extend the 
photoperiod influences the growth of the female’s reproductive organs. These studies are useful in 
order to develop a model, which can subsequently be used to determine the nutrient requirements of 
breeding ostriches (Brand & Gous, 2006). 
 
The current study focused mostly on energy and protein requirements. Very little evidence exists as to 
the vitamin and mineral requirements of breeding ostriches. The importance of these nutrients should 
not be neglected and research is needed in this area. 
 
The high variation in production levels among breeding ostriches and the low survival rate of chicks 
remains a major concern for researchers. Seasonal effects and the age of the birds also play a major 
role in the observed variation. A formidable task still lies ahead to establish the unknown information 
of breeding ostriches. The implementation of a formal breeding plan will be a major breakthrough in 
research and will result in more uniformity. Future research needs to convey whether production is 
related to the nutrition and other factors during the pre-lay or rest period. Factors that are worth 
studying include the body composition of breeding birds. Gous (1972) stated that the body 
composition of a bird before lay has an influence on the laying capabilities of that bird. 
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